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(57) In a digital broadcast receiving apparatus for 
amplifying a received modulated digital signal wave 
(RF) with automatically adjusted gain and demodulating 
the modulated signal wave to a digital signal (SDMD), 
atuner (2) frequency-converts the modulated digital sig- 
nal wave (Srf) to generate a first modulated signal 
(SMA). A first automatic gain control amplification unit 
(AGC1) controls gain of the tuner (2) to make a level of 
thefirst modulated signal (SMA) at a first predetermined 
level. An AID converter (3) converts the first modulated 
signal (SMA) into a second modulated signal (SMD). A 
demodulator (7) demodulates the second modulated 
signal (SMD) to generate a first demodulated digital sig- 
nal (SDD). A second automatic gain control amplifier 
(AGC2a) generates a second demodulated digital sig- 
nal (SMDa) where frequency fluctuations included in the 
digital modulated wave (Srf) are eliminated. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to apparatuses 
for receiving television and radio broadcasting, espe- 
cially digital broadcasting. 

Description of the Background Art 

[0002] Shown in FIG. 21 is the structure of a conven- 
tional digital broadcast receiving apparatus. A digital 
broadcast receiving apparatus Rc includes an antenna 
1 , a tuner 2. an A/D converter 3. a demodulator 7, and 
an automatic gain controller AGC. The automatic gain 
controller AGC includes an automatic gain control signal 
generator (hereinafter referred to as AGC signal gener- 
ator) SG, and a level detector LD A digital broadcast 
wave RF transmitted from a broadcasting station is 
propagated through the air and received by the antenna 
1 . The received digital broadcast wave Srf '\s frequency- 
converted by the tuner 2 into a modulated analog signal 
SMA. This modulated analog signal SMA is converted 
by the A/D converter 3 into a modulated digital signal 
SMD, and then outputted to the automatic gain control- 
ler AGC and the demodulator 7. 
[0003] In the automatic gain controller AGC, the level 
detector LD detects the level of the received modulated 
digital signal SMD, and determines whether the detect- 
ed signal level is higherthan a predetermined level (ref- 
erence value) or not for generating a level signal SL. 
The AGC signal generator SG generates, based on the 
level signal SL supplied by the level detector LD, a con- 
trol signal SAG for adjusting the gain of the tuner 2, and 
outputs the control signal SAG to the tuner 2. In other 
words, if the signal level is larger than the predetermined 
level (reference value), the level detector LD causes the 
AGC signal generator SG to output the control signal 
SAGtor decreasing the gain of the tuner 2. On the other 
hand, if the signal level is equal to or lowerthan the pre- 
determined level (reference value) ; the level detector LD 
causes the AGC signal generator SG to output the con- 
trol signal SAG for increasing the gain of the tuner 2. 
[0004] After the gain of the tuner 2 is controlled, the 
modulated analog signal SMA is converted by the A/D 
converter 3 into a modulated digital signal SMD. Then, 
from this modulated digital signal SMD, a demodulated 
digital signal SDD '\s generated by the demodulator 7 for 
output to the following error correction processing. 
[0005] Shown in FIG. 22 is the structure of the level 
detector LD in detail. The level detector LD includes a 
subtractor 12, an adder 13, a delay unit 14, and a bit 
shifter 15 (represented as "2- /7 " in FIG. 22). Note that n 
represents the number of shift bits. The adder 13 and 
the delay unit 14 form an integrator 100. For example, 
if an average value is obtained from 4096 = 2 12 values 



of data, the bit shifter 1 5 is set as n = 1 2. An averaged 
signal YI2P received from the bit shifter 1 5 is subtracted 
by the subtractor 12 from the modulated digital signal 
SMD supplied by the A/D converter 3, and the result is 

5 outputted to the integrator 1 00. 

[0006] Shown in FIG. 23 is the structure of the AGC 
signal generator SG in detail. The AGC signal generator 
SG includes a reference value provider 16. a subtractor 
24, a multiplier 1 7, a constant provider 1 8, an integrator 

10 21 , a level converter LC, a PWM (Pulse Width Modula- 
tor) 22, and a low-pass filter 23. The integrator 21 in- 
cludes an adder 1 9 and a delay unit 20. The level con- 
verter LC includes a multiplier 33, an inverse coefficient 
provider34, a compensation coefficient provider 46, and 

15 an adder 47. 

[0007] The subtractor 24 finds an error between the 
level signal SL supplied by the level detector LD and a 
predetermined reference value R supplied by the refer- 
ence value provider 16 to generate an error signal SE. 

20 Note that, for the purpose of simplifying the description, 
signals and parameters may hereinafter be simply rep- 
resented by reference characters as appropriate. The 
multiplier 1 7 multiplies the error signal SE received from 
the subtractor 24 by a constant G received from the con- 

25 stant provider 18 to generate G • SE for output to the 
integrator 21 . 

[0008] In the integrator 21 , the delay unit 20 first de- 
lays G • SE outputted from the multiplier 1 7 by a control 
cycle f, and then the adder 19 adds the delayed signal 

30 to a current output from the multiplier 1 7 for integration 
of G • SE. The integration result is outputted as an inte- 
grated signal Zfrom the delay unit 20 to the adder 19 
and the level converter LC. Note herein that one control 
cycle is a sequence of control processing successively 

35 carried out in the digital broadcast receiving apparatus 
ficand a digital broadcast receiving apparatus RPa ac- 
cording to the present invention, and their components. 
Also note that one control cycle period is a time period 
required for execution of one control cycle, that is, a pe- 

40 riod from start of one control cycle until before start of 
the next control cycle. 

[0009] In the level converter LC, the multiplier 33 mul- 
tiplies the integrated signal Zoutputted from the integra- 
tor 21 by "-1 " outputted from the inverse coefficient pro- 

45 vider 34 to invert the polarity of the integrated signal Z, 
and generates -Z The adder 47 adds a compensation 
coefficient OS provided by the compensation coefficient 
provider 46 to -Zprovided by the multiplier 33, and gen- 
erates -Z+OB. The PWM 22 modulates the pulse width 

50 of -Z+OB received from the adder 47 to generate a 
square-wave signal Sr. The low-pass filter 23 extracts 
low-frequency components from the square-wave sig- 
nal Sr supplied by the PWM 22 to generate the control 
signal SAG having a predetermined control voltage. 

55 Consequently, the tuner 2, the level detector LD, and the 
AGC signal generator SGform a loop. 
[001 0] The level converter LC is briefly described be- 
low. The level converter LC is provided to normalize the 
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value of the integrated signal Zoutputted from the inte- 
grator 21 before processed by the PWM 22 for correct 
gain control if the value of integrated signal Zis larger 
than the reference value. Therefore, the inverse coeffi- 
cient provider 34 provides the inverse coefficient, that 5 
is, a predetermined negative value, to the multiplier 33 
for inverting the polarity of the integrated signal Z. The 
compensation coefficient provider 46 provides, for the 
sake of convenience of the processing in the PWM 22, 
the compensation coefficient OB having a predeter- 
mined value for compensating the inverted integrated 
signal Z(-Z) so that it takes a positive value or 0 at the 
output from the level converter LC. 
[0011] The value of the compensation coefficient OB 
is determined based on the inverse coefficient provided 
by the inverse coefficient provider 34 and the number of 
output bits of the integrator 21 . Now, consider the case 
where the inverse coefficient is -1, and the number of 
output bits of the integrator 21 is 11. In this case, the 
integrated signal Z takes a value in the range of -1024 
to +1 023. If the compensation coefficient OB is set to 1 1 
bits (1 024). which is the number of output bits of the in- 
tegrator 21 , the value of -Z+OB outputted from the adder 
47 falls within the range of 0 to +2047. -Z+OB takes a 
value of +1 024 (OB) if the output from the integrator 21 
is 0, while taking a value in the range of +1025 to +2047 
if negative. As such, correct gain control can be 
achieved according to fluctuations of the digital broad- 
cast wave Srf. 

[0012] FIGS. 22 and 23 schematically illustrate proc- 
esses on various signals generated in the level detector 
LDand the AGC signal generator SG in an arbitrary con- 
trol cycle t. Throughout this specification, the control cy- 
cle is represented as f. That is, a control cycle previous 
to the control cycle t is represented as t with a natural 
number added thereto, and the one next thereto as fwith 
a natural number subtracted therefrom. As such, the 
control cycle Ms also a parameter indicating a relative 
time. Furthermore, for the sake of convenience, the con- 
trol cycle t may be simply referred to as "f, and also 
each signal and parameter may be referred to as its ref- 
erence character. 

[0013] As shown in FIG. 22, the subtractor 12 of the 
level detector LD subtracts the averaged signal Y[M)/ 
2 n supplied by the bit shifter 15 from SMD(t) supplied by 
the A/D converter 3 to generate SMD{f)-Y{M)/2 n . 
[0014] The adder 13 of the integrator 100 adds SMD 
(f)-Y(t+"\)/2 n supplied by the subtractor 12 to the inte- 
grated signal V(f+1) supplied by the delay unit 14 to gen- 
erate SMD(f)-Y{t+ J l)/2 n +Y(t+ J \) = SMD(t)+Y(t+1)( J [-2- n ). 
[0015] The delay unit 14 delays SMD(f) + Y(t+1) 
(1 -2 _n ) outputted from the adder 1 3 by one control cycle 
f to generate an integrated signal V(f+1). 
[001 6] The bit shifter 1 5 shifts the integrated signal Y 
(f+1) by the predetermined number of shift bits nto gen- 
erate an averaged signal V(f+1)/2 n . This averaged sig- 
nal Y(M ) 2 n is equivalent to the average of 2 n data val- 
ues of the modulated digital signal SMD supplied to the 



level detector LD. In this sense, the number of shift bits 
n defines the number of data values required for finding 
the average value by the bit shifter 15. In other words, 
2 n is the number of data values required for finding the 
average value of the modulated digital signal SMD sup- 
plied to the level detector LD, and the number of shift 
bits n is an averaging coefficient. Hereinafter. 2 n is re- 
ferred to as the number of data values for averaging. 
[0017] Next, as shown in FIG. 23, the subtractor 24 of 
the AGC signal generator SG subtracts the reference 
value R provided by the reference value provider 16 
from the level signal SL supplied by the level detector 
LD to generate the error signal SE(f). 
[0018] The multiplier 17 multiplies SE(t) supplied by 
the subtractor 24 by the constant G provided by the con- 
stant provider 1 8 to generate G • SE(f). 
[001 9] The adder 1 9 of the integrator 21 adds G ■ SE 
(t) supplied by the multiplier 1 7 to the integrated signal 
Z(f+1) outputted from the delay unit 20 to generate G • 
SE(f)+Z(f+1). 

[0020] The delay unit 20 delays G • SE(t) +Z(M ) sup- 
plied by the adder 1 9 by one control cycle f to generate 
the integrated signal Z(f+1). 

[0021] The inverse coefficient provider 34 of the level 
converter LC multiplies the integrated signal Z(f+1) re- 
ceived from the delay unit 20 by the inverse coefficient 
"-1" provided by the inverse coefficient provider 34 to 
generate -Z(f+1). 

[0022] The adder 47 adds -Z(f+1) supplied by the mul- 
tiplier 33 to the compensation coefficient OB provided 
by the compensation coefficient provider 46 to generate 
-Z(f+1)+OB. 

[0023] The PWM 22 converts the pulse width of -Z 
(f+1 )+OBsupplied by the level converter LCXo generate 
a square-wave signal Sr. The low- pass filter 23 extracts 
low-frequency components from the square-wave sig- 
nal Srsupplied by the PWM 22 to generate the gain con- 
trol signal SAG at a desired stable level. 
[0024] In the above structured digital broadcast re- 
ceiving apparatus Rc, if the signal of the digital broad- 
cast wave Srf becomes maximum and according the 
level signal SL becomes maximum, -Z+OB becomes 0 
and the square-wave signal Sr becomes constant at 0 : 
as shown in FIG. 24. The control signal SAG therefore 
becomes minimum. If the digital broadcast wave Srf be- 
comes intermediate and accordingly the level signal SL 
becomes intermediate, -Z+OB becomes 1024 and the 
square-wave signal Sr alternately indicates 0 and 1 , as 
shown in FIG. 25. The control signal SAG therefore be- 
comes intermediate. If the digital broadcast wave Srf be- 
comes minimum and accordingly the level signal SL be- 
comes minimum, -Z+OB becomes +2047 and the 
square-wave signal Srbecomes constant at 1 , as shown 
in FIG. 26. The control signal SAG therefore becomes 
maximum. 

[0025] Exemplarily shown in FIG. 27 is a relation be- 
tween the digital broadcast wave Srf and the modulated 
analog signal SMA in the above structured digital broad- 
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cast receiving apparatus Rc. In FIG. 27, SI/1/1 in the up- 
per part represents a signal waveform of the digital 
broadcast wave Srf 'in a relatively short period of time. 
SW2 in the middle part represents an envelope wave- 
form of the digital broadcast waveform Srf in a period 
considerably longerthan that shown by SI/1/1 . In this ex- 
ample, the digital broadcast wave Srffluctuates in am- 
plitude within 6dB and in frequency within 1 0OHz. SW3 
in the lower part represents a signal waveform of the 
modulated analog signal SMA outputted from the tuner 
2 after fluctuations are eliminated from the digital broad- 
cast wave Srf (SI/l/2). With a smaller number of data val- 
ues used for level detection by the level detector LD (for 
example, 127, 2 7 ) and a larger value of the constant G 
used for in multiplication by the multiplier 1 7 of the AGC 
signal generator SG (for example, 128), the modulated 
analog signal SMA outputted from the tuner 2 can be 
made not to fluctuate in frequency. That is. the digital 
broadcast receiving apparatus Rc can follow the fre- 
quency fluctuations of the received digital broadcast 
wave Srf. 

[0026] In the above digital broadcast receiving appa- 
ratus Rc, it has been confirmed through experiments 
that a maximum followable fluctuation frequency of the 
digital broadcast wave Srf whose amplitude fluctuates 
within 6dB is approximately 1 00Hz. Specifically, with the 
smallest possible number of data values (the number of 
shift bits n) used for level detection in the level detector 
LD and the largest possible constant G, the above ap- 
paratus can generate the modulated analog signal SMA 
without frequency fluctuations from the digital broadcast 
wave Srf whose amplitude fluctuates within 6dB and 
whose frequency fluctuates up to 1 00Hz. Such frequen- 
cy fluctuations of 1 00Hz is caused by an object moving 
at 1 80km per hour toward the digital broadcast wave Srf 
emitted from a broadcast station or a relay station and 
propagated through the airto reach the digital broadcast 
receiving apparatus Rc. 

[0027] However, the digital broadcast wave Srf whose 
frequency fluctuates within the maximum followable 
fluctuation frequency (100Hz) may often fluctuate ther- 
eover due to swaying leaves, collision with a moving ob- 
ject such as a vehicle, or reflection from a fast-moving 
object such as an airplane. In such case, the digital 
broadcast receiving apparatus Rc cannot follow the fre- 
quency fluctuations of the digital broadcast wave Srf, 
and therefore cannot reproduce the demodulated digital 
signal SDD with high quality. 

[0028] Moreover, the ratio of control voltage to gain in 
the tuner 2 is varied depending on the level of the digital 
broadcast wave S/f supplied thereto. Therefore, the ca- 
pability of following frequency fluctuations is also varied 
depending thereon, and so is the quality of the demod- 
ulated digital signal SDD accordingly. 
[0029] As stated above, in conventional analog 
broadcast typified by NTSC, a received broadcast wave 
reflected upon a fast-moving object such as an airplane 
causes deterioration in quality of a demodulated signal. 



Such deterioration further causes image disturbance, 
but does not interrupt images. In digital broadcast, how- 
ever, the demodulated digital signal SDD deteriorated 
in quality causes a complete interrupt of a video stream. 

5 

SUMMARY OF THE INVENTION 

[0030] Therefore, an object of the present invention is 
to provide a digital broadcast receiving apparatus capa- 
10 ble of reproducing an uninterrupted video stream by fol- 
lowing even large frequency fluctuations in a digital 
broadcast wave caused by a fast-moving object such as 
an airplane. 

[0031] The present invention has the following fea- 
15 tures to attain the object problem above. 

[0032] A first aspect of the present invention is direct- 
ed to a digital broadcast receiving apparatus for ampli- 
fying a digital modulated signal wave propagated 
through air with gain automatically adjusted to have a 
20 predetermined amplitude, and demodulating the modu- 
lated signal wave to a digital signal, said apparatus com- 
prising: 

a tuner unit for frequency-converting the received 
25 digital modulated signal wave into a first modulated 
signal; 

a first automatic gain control amplification unit for 
controlling gain of the tuner unit to make a level of 
the first modulated signal at a first predetermined 
30 level; 

an A/D conversion unitfor converting, analogto dig- 
ital, the first modulated signal into a second modu- 
lated signal; 

a demodulation unit for demodulating the second 
35 modulated signal into afirst demodulated digital sig- 
nal: and 

a second automatic gain control amplification unit 
for amplifying a level of the first demodulated digital 
signal to be at a second predetermined level, and 
40 generating a second demodulated digital signal. 

[0033] As described above, in the first aspect, two au- 
tomatic gain controllers are provided: a first automatic 
gain controller forming a gain loop with a tuner and re- 
45 quiring some time for level detection through gain con- 
trol of the tuner, a second automatic gain controller re- 
quiring not much time therefor. Thus, gain control requir- 
ing high speed and gain control not requiring high speed 
are serially carried out in a distributed manner by the 
50 first and second automatic gain controllers. 

[0034] According to a second aspect, in the first as- 
pect, the first automatic gain control amplification unit 
amplifies the digital modulated signal wave without fol- 
lowing frequency fluctuations thereof, and generates 
55 the first modulated signal, and the second automatic 
gain control amplification unit amplifies the first demod- 
ulated digital signal by following frequency fluctuations 
thereof, and generates the second demodulated digital 
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signal. 

[0035] As described above, in the second aspect, the 
second automatic gain controller carries out gain control 
that follows frequency fluctuations. Thus, high-frequen- 
cy fluctuations that have not been followed convention- 
ally can be followed. 

[0036] According to a third aspect, in the first aspect, 
the first automatic gain control amplification unit ampli- 
fies the digital modulated signal wave by following fre- 
quency fluctuations thereof that are smaller than a first 
predetermined frequency, and generates the first mod- 
ulated signal, and the second automatic gain control 
amplification unit amplifies the first demodulated digital 
signal by following frequency fluctuations thereof under 
a second predetermined frequency that is larger than 
the first predetermined frequency, and generates the 
second demodulated digital signal. 
[0037] As described above, in the third aspect, low- 
frequency fluctuations are followed by the first gain con- 
troller, and then high-frequency fluctuations are followed 
by the second automatic gain controller. Thus, influenc- 
es of noise components included in the digital modulat- 
ed signal wave can be reduced. 

[0038] According to a fourth aspect, in the third as- 
pect, the apparatus further comprises a level detection 
unit for detecting the level of the first modulated signal; 
and 

a gain change unit for changing the gain of the tun- 
er unit based on the detected level. 
[0039] As described above, in the fourth aspect, the 
gain can be appropriately set according to the charac- 
teristic of the tuner. 

[0040] According to a fifth aspect, in the fourth aspect, 
the apparatus further comprises a threshold unit for tak- 
ing, as a threshold, a threshold voltage at which a con- 
trol-voltage to amplitude-attenuation characteristic of 
the tuner unit is abruptly changed, wherein 

the gain change unit takes, as the gain, a first pre- 
determined value when the detected level is higherthan 
the threshold, and a second predetermined value small- 
er than the first predetermined value when the detected 
level is lower than the threshold. 
[0041] As described above, in the fifth aspect, the gain 
can be appropriately set with respect to the threshold 
voltage at which the characteristic of the tuner is abrupt- 
ly and significantly changed. 

[0042] According to a sixth aspect, in the fourth as- 
pect, the apparatus further comprises a first threshold 
unit taking, as a first threshold, a voltage lower, by a first 
predetermined amount, than a threshold voltage at 
which a control-voltage to amplitude-attenuation char- 
acteristic of the tuner unit is abruptly changed; and 

a second threshold unit taking, as a second thresh- 
old, a voltage lower, by a second predetermined 
amount, than the threshold voltage, wherein 
the gain change unit takes, as the gain, a first pre- 
determined value when the detected level is lower 



than the first threshold; a second predetermined 
value larger than the first predetermined value 
when the detected level is higher than the second 
threshold; and one of the first and second predeter- 
5 mined values based on a value immediately before 
the detected level when the detected level is higher 
than the first threshold and lower than the second 
threshold. 

10 [0043] As described above, in the sixth aspect, a buff- 
er region is provided for gain change within a region in- 
cluding the threshold voltage at which the characteristic 
of the tuner is abruptly changed. Thus, even if the de- 
tected level is abruptly fluctuated centering on the 

15 threshold voltage, jitter in gain value can be prevented. 
[0044] A seventh aspect of the present invention is di- 
rected to a digital broadcast receiving apparatus for am- 
plifying a digital modulated signal wave propagated 
through air with gain automatically adjusted to have a 

20 predetermined amplitude, and demodulating the modu- 
lated signal wave to a digital signal, the apparatus com- 
prising: 

a tuner unit for frequency-converting the received 
25 digital modulated signal wave into a first modulated 
signal; 

a first automatic gain control amplification unit for 
controlling gain of the tuner unit to make a level of 
the first modulated signal at a first predetermined 
30 level; 

an A/D conversion unitfor converting, analogto dig- 
ital, the first modulated signal into a second modu- 
lated signal; and 

a second automatic gain control amplification unit 
35 for amplifying a level of the second modulated sig- 
nal to be at a second predetermined level, and gen- 
erating a third modulated signal. 

[0045] As described above, in the seventh aspect, the 
40 same effects as described in the first aspect can be 
achieved. Moreover, the second automatic gain control- 
ler is provided immediately after the first automatic gain 
controller, thereby making the speed of gain control 
higher. 

45 [0046] These and other objects, features, aspects 
and advantages of the present invention will become 
more apparent from the following detailed description of 
the present invention when taken in conjunction with the 
accompanying drawings. 

50 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0047] 

55 FIG. 1 is a block diagram showing the structure of 
a digital broadcast receiving apparatus according 
to a first embodiment of the present invention; 
FIG. 2 is a block diagram showing the structure of 
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a first level detector shown in FIG. 1 ; 
FIG. 3 is a block diagram showing the structure of 
a first AGC signal generator shown in FIG. 1 ; 
FIG. 4 is a block diagram showing the structure of 
a second level detector shown in FIG. 1 ; 5 
FIG. 5 is a block diagram showing the structure of 
a second AGC signal generator shown in FIG. 1 ; 
FIG. 6 is a diagram showing waveforms of a digital 
broadcast wave and a modulated analog signal ob- 
served in the digital broadcast receiving apparatus 10 
shown in FIG. 1 ; 

FIG. 7 is a block diagram showing the structure of 
an digital broadcast receiving apparatus according 
to a second embodiment of the present invention; 
FIG. 8 is a block diagram showing the structure of 15 
a first level detector shown in FIG. 7; 
FIG. 9 is a block diagram showing the structure of 
a first AGC signal generator shown in FIG. 7; 
FIG. 1 0 is a block diagram showing the structure of 
a second level detector shown in FIG. 7; 20 
FIG. 1 1 is a block diagram showing the structure of 
a second AGC signal generator shown in FIG. 7; 
FIG. 12 is a diagram showing waveforms of a digital 
broadcast wave and a modulated analog signal ob- 
served in the digital broadcast receiving apparatus 25 
shown in FIG. 7; 

FIG. 1 3 is a block diagram showing the structure of 
a digital broadcast receiving apparatus according 
to a third embodiment of the present invention: 
FIG. 14 is a diagram demonstrating the operation 30 
of the a level decision unit shown in FIG. 13 for 
switching a first constant based on a first level sig- 
nal; 

FIG. 15 is a block diagram showing the structure of 
a first AGC signal generator shown in FIG. 1 3; 35 
FIG. 16 is a diagram showing a control-voltage to 
amplitude-attenuation characteristic and a thresh- 
old voltage of a tuner in the digital broadcast receiv- 
ing apparatus shown in FIG. 13; 

FIG. 1 7 is a block diagram showing the structure of 40 
a digital broadcast receiving apparatus according 
to a fourth embodiment of the present invention; 
FIG. 18 is a diagram demonstrating the operation 
of the a level decision unit shown in FIG. 17 for 
switch ing a first constant when a first level signal is 45 
increased; 

FIG. 19 is a diagram demonstrating the operation 
of the level decision unitshown in FIG. 17forswitch- 
ing a first constant when a first level signal is de- 
creased; 50 
FIG. 20 is a diagram showing a control-voltage to 
amplitude-attenuation characteristic and first and 
second threshold voltages of a tuner in the digital 
broadcast receiving apparatus shown in FIG. 17; 
FIG. 21 is a block diagram showing the structure of 55 
a conventional digital broadcast receiving appara- 
tus; 

FIG. 22 is a block diagram showing the structure of 



a level detector shown in FIG. 21 ; 
FIG. 23 is a block diagram showing the structure of 
an AGC signal generator shown in FIG. 21 ; 
FIG. 24 is a schematic diagram sowing a square- 
wave signal when the value of a digital broadcast 
wave is at maximum and the value of a level signal 
is also at maximum in the digital broadcast receiving 
apparatus shown in FIG. 21 ; 
FIG. 25 is a schematic diagram showing a square- 
wave signal when the value of the digital broadcast 
wave is at medium and the value of the level signal 
is also at medium in the digital broadcast receiving 
apparatus shown in FIG. 21 ; 
FIG. 26 is a schematic diagram showing a square- 
wave signal when the value of the digital broadcast 
wave is at minimum and the value of the level signal 
is also at minimum in the digital broadcast receiving 
apparatus shown in FIG. 21 ; and 
FIG. 27 is a schematic diagram showing the relation 
between the digital broadcast wave and a modulat- 
ed analog signal in the digital broadcast receiving 
apparatus shown in FIG. 21 . 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0048] With reference to FIGS. 1, 2, 3, 4, 5, and 6, 
described below first is a digital broadcast receiving ap- 
paratus according to a first embodiment of the present 
invention. Then, with reference to FIGS. 7, 8, 9, 10. 11 . 
and 12, described is a digital broadcast receiving appa- 
ratus according to a second embodiment of the present 
invention. Then, with reference to FIGS. 13, 14, 15, and 
1 6, described is a digital broadcast receiving apparatus 
according to a third embodiment of the present inven- 
tion. Lastly, with reference to FIGS. 17, 18, 19, and 20, 
described is a digital broadcast receiving apparatus ac- 
cordingto afourth embodiment of the present invention. 

(First embodiment) 

[0049] With reference to FIGS. 1 through 6, described 
below is the digital broadcast receiving apparatus ac- 
cording to the first embodiment of the present invention 
applied to receive a digital broadcast wave. Prior to that, 
the basic concept of the present invention is first de- 
scribed. An object of the present invention is to follow 
large frequency fluctuations over 100Hz. However, as 
in the conventional digital broadcast receiving appara- 
tus He where the automatic gain controller AGC, the tun- 
er 2, and the A/D converter 3 form a gain control loop, 
delayed time occurring between the level detector LD 
and the tuner 2 is so long that such fluctuations over 
1 00Hz cannot be followed. To solve this problem, in the 
present invention, a multiplier, a second level detector, 
and a second automatic gain control signal generator 
(hereinafter referred to as second AGC signal genera- 
tor) are newly provided after the demodulator 7 to con- 



6 



11 



EP 1 164 788 A2 



12 



figure another automatic gain controller and, according- 
ly, form a gain control loop. Among these components, 
delayed time is extremely short, and therefore frequen- 
cy fluctuations of the digital broadcast wave S/f can be 
sufficiently followed. 

[0050] In this respect, in the digital broadcast receiv- 
ing apparatus RPa according to the first embodiment of 
the present invention, the frequency-fluctuating digital 
broadcast wave S/f passes, as it is, through a first au- 
tomatic controller which corresponds to the automatic 
gain controller AGC in the conventional digital broadcast 
receiving apparatus Rc, and is outputted from the de- 
modulator 7 as a demodulated first digital signal. Then, 
the demodulated first digital signal is supplied to the 
newly provided second automatic gain controller, where 
frequency fluctuations thereof are substantially eliminat- 
ed. Note that, in the digital broadcast receiving appara- 
tus RPa according to the present embodiment, when the 
frequency of the digital broadcast wave Srf is 600MHz, 
frequency fluctuations in a range of approximately 
600Hz can be eliminated. These fluctuations corre- 
spond to those caused in the digital broadcast wave Srf 
by an object moving at 1080km per hour. 
[0051] As shown in FIG. 1, the digital broadcast re- 
ceiving apparatus RPa according to the present embod- 
iment includes the antenna 1 , the tuner 2, the A/D con- 
verter 3, a first automatic gain controller AGC"\ a, the de- 
modulator 7, and a second automatic gain controller 
AGC2a. The digital broadcast wave flFtransmitted from 
a broadcast station is propagated through the air. and 
received by the antenna 1 . The digital broadcast wave 
Srf is frequency-converted by the tuner 2 into a modu- 
lated analog signal SMAa. The modulated analog signal 
SMAa is converted by the A/D converter 3 into a mod- 
ulated digital signal SMDa. The modulated digital signal 
SMDa is supplied to the first automatic gain controller 
AGC\a and the demodulator 7. 

[0052] The first automatic gain controller AGC] a cor- 
responds to the automatic gain controller AGC de- 
scribed above concerning the basic concept of the 
present invention, and is provided for passing the digital 
broadcast wave Srf as it is, with gain controlled but with- 
outfrequency fluctuations eliminated. The first automat- 
ic gain controller AGC\ a includes a first automatic gain 
control signal generator (hereinafter, first AGC signal 
generator) SG1a and a first level detector /_D1a. 
[0053] The first level detector LD1a is connected to 
the A/D converter 3 for receiving the modulated digital 
signal SMDa. The first level detector LD1a detects an 
average level of the modulated digital signal SMDa, and 
generates a first level signal SL1 a indicative of the de- 
tected average level. 

[0054] The first AGC signal generator SG1a is con- 
nected to the first level detector /_D1 a for receiving the 
first level signal S/_1a. The first AGC signal generator 
SG1 a generates, based on the first level signal SL1 a, a 
first gain control signal S4G1 a for appropriately control- 
ling the gain obtained when the tuner 2 generates the 



modulated analog signal SMAa from the digital broad- 
cast wave Srf. The first AGC signal generator SG1 a then 
outputs the first gain control signal S.4G1 a to the tuner 
2. The structure of the first level detector /_D1 a and the 
5 first AGC signal generator SG1 a will be described later 
with reference to FIGS. 2 and 3. 

[0055] The tuner 2 adjusts the level of the digital 
broadcast wave Srf received from the antenna 2, based 
on the first gain control signal S,4G1a supplied by the 

10 first AGC signal generator SG1a of the first automatic 
gain controller 4GC1a. In other words, the modulated 
analog signal SMAa with its gain controlled is outputted 
from the tuner 2 to the A/D converter 3. 
[0056] As such, the modulated analog signal SMAa is 

15 gain-controlled by the first automatic gain controller 
AGC1 a, and then converted by the A/D converter 3 into 
the modulated digital signal SMDa. The modulated dig- 
ital signal SMDa is supplied to the demodulator 7 and 
also again to the first automatic gain controller AGC1 a. 

20 Then, the first automatic gain controller 4GC1 a repeats 
the above level control processing. On the other hand, 
the demodulator 7 demodulates the modulated digital 
signal SMDa into a demodulated first digital signal 
SDDa, and outputs it to a second automatic gain con- 

25 troller AGC2a. Note that, as described above, the digital 
modulated and demodulated signals SMDa and SDDa 
are generated without frequency fluctuations of the dig- 
ital broadcast wave Srf being eliminated. 
[0057] As with the first automatic gain controller 

30 AGCIa, the second automatic gain controller AGC2a in- 
cludes a second level detector LD2a for generating a 
second level signal S/_2a, a second automatic gain con- 
trol signal generator (hereinafter, second AGC signal 
generator) SG2a for generating a second gain control 

35 signal SAG2a, and further a multiplier 8. The second au- 
tomatic gain controller AGCZa subjects the demodulat- 
ed first digital signal SDDa to gain control processing 
and frequency fluctuation eliminating processing, and 
then outputs the resultant signal as a second digital sig- 

40 nal SDMDa to the following error correction processing 
unit (not shown). 

[0058] The multipliers multiples the demodulated first 
digital signal SDDa outputted from the demodulator 7 
by the second gain control signal SAG2a outputted from 

45 the second AGC signal generator SG2a, and generates 
a signal SDDa • SAG2a with gain controlled and fre- 
quency fluctuations eliminated. Note that, as described 
above, each signal herein may be simply represented 
by a reference character as appropriate for simplifica- 

50 tion and readability. Then, the generated signal SDDa • 
S^\G2a is fed back to the second level detector /_D2a 
and also supplied to the following error correction 
processing unit as the demodulated second digital sig- 
nal SDMDa. 

55 [0059] The second level detector Z_D2a generates the 
second level signal S/_2a based on the signal SDDa • 
S^\G2a supplied by the multipliers, and outputs it to the 
second AGC signal generator SG2a. The second AGC 
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signal generator SG2a generates the second gain con- 
trol signal SAG2a based on the second level signal S/_2a 
supplied by the second level detector LD2a. These will 
also be described later in detail with reference to FIG. 5. 
[0060] With reference to FIG. 2, described next in de- 
tail is the above first level detector LD1a. The first level 
detector LD"\a includes a subtractor 12, an integrator 
100, a bit shifter 15, and a first averaging coefficient pro- 
vider 150a1. The integrator 100 includes an adder 13 
and a delay unit 14. From the modulated digital signal 
SMDa supplied to the first level detector LD1 a, an aver- 
aged signal Y"\ ai2 n outputted by the bit shifter 1 5 is sub- 
tracted by the subtractor 1 2. The resultant signal is sup- 
plied to the integrator 1 00. 

[0061] The adder 13 of the integrator 1 00 adds an in- 
tegrated signal Yl a supplied by the delay unit 14 to the 
signal supplied by the subtractor 12, and then outputs 
the resultant signal to the delay unit 14. The delay unit 
1 4 delays the signal received from the adder 1 3 by one 
control cycle f, and then outputs the delayed signal as 
the integrated signal Y\a to the adder 13 and the bit 
shifter 1 5. 

[0062] The bit shifter 15 shifts the integrated signal 
Yl a received from the delay unit 1 4 of the integrator 1 00 
by the preset number of bits n, Then, the bit shifter 15 
outputs the resultant signal as the averaged signal Y^ al 
2 n to the subtractor 12, and as the first level signal SL1 a 
to the first AGC signal generator SG1a. The first aver- 
aging coefficient provider 150a1 outputs a first shift bit 
parameter (first averaging coefficient) A/1 a defining the 
number of shift bits n for the bit shifter 1 5. 
[0063] Schematically shown in FIG. 2 is the process- 
ing of various signals generated in the first level detector 
LD1a in an arbitrary control cycle f. In the subtractor 12, 
the averaged signal Y'\a(M)/2 N1a supplied by the bit 
shifter 15 is subtracted from the SMDa{f) supplied by 
the A/D converter 3, and SMDa(f)- Y1 a(f+1 )/2 w1a is gen- 
erated. 

[0064] In the integrator 100, the adder 13 adds the 
signal SMDa(f)- Y1a(M)/2 Ma supplied by the subtrac- 
tor 1 2 to the integrated signal Y^ a(f+1 ) supplied by the 
delay unit 14 to generate a signal SMDa(f)-Y'\a(t+'\)/ 
2 A/ia + /ia(f+1) = SMDa(0+yia(f+1)(1-2-Ma). 

[0065] The delay unit 14 delays the signal SMDa(f) 
+ Y1 a(f+1 )(1 -2 _A/1a ) by one control cycle fto generate the 
integrated signal V1a(f+1). 

[0066] The bit shifter 15 shifts the integrated signal 
Yl a(f+1 ) by the number of bits defined by the first aver- 
aging coefficient A/1 a outputted from the first averaging 
coefficient provider 1 50a1 to generate the averaged sig- 
nal V1a(f+1)/2 w1a . This averaged signal Yl a(?+1)/2 w1a 
corresponds to the average value of 2 A/1a data values 
of the modulated digital signal SMDa supplied to the first 
level detector LD"\a. In this sense, the number of shift 
bits n defines the number of data values required for the 
bit shifter 15 to calculate the average value. That is, 2 n 
is the number of data values required for the first level 
detector LD\ a to calculate the average value of the re- 



ceived modulated digital signal SMDa, and the number 
of shift bits n is the averaging coefficient. Therefore, 2 n 
is hereinafter referred to as the number of data values 
for averaging. 

5 [0067] The first averaging coefficient provider 150a1 
is means for providing the bit shifter 15 with the first av- 
eraging coefficient A/1 a defining the averaging coeffi- 
cient n. For example, to calculate the average of 4096 
(2 12 ) data values (2 n = 4096), the bit shifter 15 is sup- 

10 plied by the first averaging coefficient provider 150a1 
with the first averaging coefficient A/1 a indicating n= 12. 
The bit shifter 15 then sets the value "12" indicated by 
the first averaging coefficient A/1 a as the averaging co- 
efficient n. With this, the bit shifter 1 5 finds the average 

15 value of 2 12 data values of the output from the delay unit 
1 4, and then outputs the first level signal SL1 a. 
[0068] By appropriately setting the value of the aver- 
aging coefficient n, how much frequency fluctuations of 
the digital broadcast wave Srf are to be followed is con- 

20 trolled. The number of data values used for finding the 
average value is 4096 when n = 1 2, 2048 when n = 1 1 . 
and 1 024 when n = 1 0. As such, the larger the number 
of shift bits is, the more the data values are required, 
and therefore it becomes more difficult to follow the fre- 

25 quency-fluctuating signal. 

[0069] For this reason, the number of shift bits n is set 
to be relatively large in order not to make the first auto- 
matic gain controller >4GC1a follow the frequency fluc- 
tuations of the digital broadcast wave Srf. In the present 

30 embodiment, for setting the number of shift bits nto pref- 
erably be 11, the first averaging coefficient provider 
1 50a1 outputs the first shift bit parameter A/1 a having a 
value of "11" to the bit shifter 15. That is, in the first level 
detector LD1a (first automatic gain controller >4GC1a), 

35 2 11 (2048) data values are used to find the average val- 
ue. Note that the value ofthefirst shift bit parameter A/1 a 
is determined based on a processing balance in the 
whole digital broadcast receiving apparatus RPa. espe- 
cially in consideration of the frequency of the digital 

40 broadcast wave Srf and the constant G Consequently 
the first shift bit parameter A/1 a may take any appropri- 
ate value otherthan 11 as long as frequency fluctuations 
of the digital broadcast wave Srf can not be followed. 
[0070] With reference to FIG. 3, the above first AGC 

45 signal generator S<31 a is described next. The first AGC 
signal generator SG1a includes a first reference value 
provider 1 6a, the subtractor 24, the multiplier 1 7, a first 
constant provider 18a1, the integrator 21, a first level 
converter LC1 , the PWM 22, and the low-pass filter 23. 

50 The first level converter LC1 includes the multiplier 33, 
the inverse coefficient provider 34, the compensation 
coefficient provider 46, and the adder 47. The integrator 
21 includes the adder 1 9 and the delay unit 20, 
[0071] The subtractor 24 finds an error between the 

55 first level signal S/_1 a provided by the first level detector 
LD1a and the first reference value R1 provided by the 
first reference value provider 16a to generate an error 
signal SE1 a. The multiplier 1 7 multiplies the error signal 
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SE1 a found in the subtractor 24 by a first constant G1 a 
provided by the first constant provider 18, and outputs 
the multiplication result to the integrator 21. Conse- 
quently, the gain of a loop formed by the tuner 2, the first 
level detector LD1a, and the first AGC signal generator 
SG1 a is adjusted. In the integrator 21 , the delay unit 20 
delays the output from the multiplier 1 7 by one control 
cycle, andthen the adder 1 9 adds it to the current output. 
As such, the integrator 21 integrates the output from the 
multiplier 17 to generate an integrated signal Z1a. 
[0072] In the first level converter LC\, the multiplier 
33 multiplies the integrated signal Z1 a by an inverse co- 
efficient "-1" received from the inverse coefficient pro- 
vider 34, thereby inverting the polarity of the integrated 
signal Z1 a to generate -Z1 a. 

[0073] The adder 47 adds the first compensation co- 
efficient OB supplied by the compensation coefficient 
provider 46 to -Z1 a supplied by the multiplier 33 to gen- 
erate -Za+OR The PWM 22 modulates the pulse width 
of the signal -Za+OB supplied by the adder 47 to gen- 
erate a square-wave signal Sri a. The low-pass filter 23 
extracts low-frequency components from the square- 
wave signal Sri a supplied by the PWM 22 to generate 
the first gain control signal S/4G1 a. 
[0074] In the above first AGC signal generator SG1 a, 
if the first level signal SL1 a having a positive value out- 
putted from the first level detector LD1 a is larger than a 
first reference value fl1 , the error signal SE1 a outputted 
from the integrator 21 has a positive value. By appropri- 
ately setting the value of the first reference value H1 , 
the level of the modulated analog signal SMAa supplied 
to the A/D converter 2 can be adjusted. That is, in the 
digital broadcast receiving apparatus RPa, the first ref- 
erence value F?1 is so determined as to arbitrarily set 
the appropriate level of the modulated analog signal 
SMAa. 

[0075] If the first constant G1a is set to have a rela- 
tively large value, frequency fluctuations of the digital 
broadcast wave Srf can be followed more easily. There- 
fore, in the present embodiment, the first constant G1a 
in the first automatic gain controller 4GC1 a is preferably 
set to 1 so that frequency fluctuations of the digital 
broadcast wave Srf are not followed. 
[0076] The integrator 21 is provided for smoothly var- 
ying the signal G1 a • SE1 a outputted from the multiplier 
17 with time. The first level converter LC1 is provided 
for normalizing the value of the integrated signal Z1a 
outputted from the integrator 21 so that the integrated 
signal Zla takes a value larger than the first reference 
value R1 before being processed by the PWM 22. For 
this reason, the inverse coefficient provider 34 provides 
the inverse coefficient having a predetermined negative 
value to the multiplier 33 to invert the polarity of the in- 
tegrated signal Z1a. The compensation coefficient pro- 
vider 46 provides the compensation coefficient OB hav- 
ing a predetermined value for compensating the invert- 
ed integrated signal Z1 a (-Z1a) to be a positive value. 
[0077] The value of the compensation coefficient OB 



is determined based on the inverse coefficient provided 
by the inverse coefficient provider 34 and the number of 
output bits of the integrator 21 . Now, consider the case 
where the inverse coefficient is -1 , and the number of 

5 output bits is 11. In this case, the integrated signal Zla 
takes a value in the range of -1 024 to +1 023. If the output 
of the integrator 21 is set to 1 1 bits (1 024), the value of 
-Z+ OB outputted from the adder 47 falls within the range 
of 0 to +2047. The value of -Z+OB outputted from the 

10 adder 47 is +1 024 (OB) if the output from the integrator 
21 is 0, while falling within a range of +1025 to +2048 if 
negative. As such, the first level converter LCI is so 
structured as to enable correct gain control according to 
fluctuations of the digital broadcast wave Srf. In other 

15 words, the first level converter LCI converts the value 
of the integrated signal Zla into an integer equal to or 
larger than 0. 

[0078] Described below is signal processing carried 
out by the first AGC signal generator SG1a in an arbi- 

20 trary control cycle t. For the purpose of simplifying the 
description, the control cycle t may be simply referred 
to as "f , and each signal may be represented only by 
its symbol herein. The subtractor 24 subtracts the first 
reference value f?1 provided by the first reference value 

25 provider 1 6a from the first level signal SL1 a supplied by 
the first level detector LD1 a to generate the error signal 
SE1a(f). 

[0079] The multiplier 17 multiplies SE~\a(t) received 
from the subtractor 24 by the first constant G1 a received 

30 from the first constant provider 1 8a1 to generate G1 a • 
SE1a(f). In the present embodiment, the first constant 
G1 a is preferably set to 1 so that the frequency fluctua- 
tions of the digital broadcast wave Srf cannot be fol- 
lowed. Note that the first constant G1a is determined 

35 based on a processing balance in the whole digital 
broadcast receiving apparatus RPa, especially in con- 
sideration of the frequency of the digital broadcast wave 
Srf and the first number of shift bits n. Therefore, the 
first constant G1 a can take any appropriate value other 

40 than 1 as long as the first automatic gain controller 
,4GC1a is prevented from following the frequency fluc- 
tuations of the digital broadcast wave Srf. 
[0080] In the integrator 21 , the adder 1 9 adds the G1 a 
• SE1 a(f) supplied by the multiplier 1 7 to the integrated 

45 signal Z1 a(f+1 ) supplied by the delay unit 20 to generate 
G1a • SE1a(f)+Z1a(f+1). 

[0081] The delay unit 20 delays G1a • SE1a(f)+Z1a 
(?+1) received from the adder 1 9 by one control cycle t 
to generate the integrated signal Z1a(f+1). 

50 [0082] In the first level converter LC~\ , the inverse co- 
efficient provider 34 multiplies the integrated signal Zl a 
(f+1) received from the adder 19 by the inverse coeffi- 
cient "-1 " received from the inverse coefficient provider 
34 to generate -Z1a(f+1). 

55 [0083] The adder 47 adds -Z1a(/+1) supplied by the 
multiplier 33 to the compensation coefficient OB provid- 
ed by the compensation coefficient provider 46 to gen- 
erate -Z1a(f+1)+OB. 
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[0084] The PWM 22 converts the pulse width of -Z1 a 
(f+1)+OS supplied by the first level converter LC1 to 
generate the square-wave signal Sri a. The low-pass fil- 
ter 23 extracts low-frequency components from the 
square-wave signal Sri a supplied by the PWM 22 to 
generate the first gain control signal SAG1 a at a desired 
stable level. 

[0085] With reference to FIG. 4, the above second lev- 
el detector LD2a is described next. The second level de- 
tector LD2a is similar in structure to the first level detec- 
tor Z_D1a already described with reference to FIG. 2. 
However, in the second level detector LD2a, a second 
averaging coefficient provider 150a2 is provided in 
place of the first averaging coefficient provider 150a1 , 
and a demodulated second digital signal SDMDa is pro- 
vided in place of the modulated digital signal SMDa. 
Therefore, mainly described herein are features unique 
to the second level detector Z_D2a, and similar features 
are not described herein. 

[0086] As with the first averaging coefficient provider 
1 50a1 , the second averaging coefficient provider 1 50a2 
outputs a second shift bit parameter N2a defining the 
number of shift bits n of the bit shifter 15. That is, the 
second averaging coefficient provider 1 50a2 defines the 
averaging coefficient n in the second level detector 
L02a. However, in the second automatic gain controller 
AGC2a, to follow the frequency fluctuations of the re- 
ceived demodulated second digital signal SDMDa, the 
number of shift bits n is preferably set equal to orsmaller 
than the first shift bit parameter A/1 a. In other words, the 
second shift bit parameter N2a and the first shift bit pa- 
rameter A/1 a have a relation represented by the follow- 
ing equation (1). 

A/1a ^ A/2a (1) 

[0087] As can be seen from the above equation (1), 
the second shift bit parameter N2a can take the same 
value as the first shift bit parameter A/1 a. This is estab- 
lished based on the balance among the first constant 
G1a, a second constant G2a (will be described later), 
and the frequency of the digital broadcast wave Srf. A/1 a 
= N2a tends to be established especially when the 
number of shift bits n is relatively small (n is equal to or 
smaller than 8, for example). In the present embodi- 
ment, by way of example only, A/a1 is set to 11 , and A/a2 
is to 8. If A/1 a is 1 1 , the average value can be found by 
the first level detector LD1 a using 2 11 (2048) data val- 
ues. If N2a is 8, the average value can be found by the 
second level detector LD2a using 2 8 (256) data values. 
[0088] Briefly described below is signal processing 
carried out in the second level detector LD2a in an ar- 
bitrary control cycle t. The subtractor 12 subtracts the 
averaged signal Y2a(?+1 )/2 NZa supplied by the bit shifter 
15 from the demodulated second digital signal SDMDa 
(SDDa ■ SAG2a) with gain controlled by the second au- 
tomatic gain controller AGC2a outputted from the mul- 



tiplier 8 to generate SDMDa(t)-Y2a(M)/2^ a . In this 
case, to follow the frequency fluctuations of the demod- 
ulated second digital signal SDMDa, the second shift bit 
parameter N2a is set to 8. 

5 [0089] In the integrator 1 00, the adder 1 3 adds SDN- 
Da(t)- Y2a(f+1 )/2 N2a supplied by the subtractor 1 2 to the 
integrated signal Y2a(f+1 ) supplied by the delay unit 1 4 
to generate SD/WDa(Q-y2a(f+1 )/2N2 a + V2a(/+1) = SD- 
MDa{ f)+ Y2a( f+1 )( 1 -2-^ a ) . 

10 [0090] The delay unit 14 delays SDMDa(f)+Y2a(M) 
(1 -2 _N2a ) received from the adder 1 3 by one control cycle 
t to generate the integrated signal Y2a(f+1). 
[0091] The bit shifter 15 shifts V2a(f+1) received from 
the delay unit 14 by the number of bits defined by the 

15 second averaging coefficient N2.a outputted from the 
second averaging coefficient provider 150a2 to gener- 
ate the averaged signal Y2a(f+1)/2 ACa . This averaged 
signal Y2a(t+\)l2 N2a corresponds to the average value 
found based on 2 N2a data values of the demodulated 

20 second digital signal SDMDa supplied to the second lev- 
el detector LD2a. 

[0092] With reference to FIG. 5, the above second 
AGC signal generator SG2a is described next. The sec- 
ond AGC signal generator SG2a is similar in structure 
25 to the first AGC signal generator SG1a already de- 
scribed with reference to FIG. 3. That is, the first refer- 
ence value provider 1 6a of the first AGC signal genera- 
tor SG1 a is replaced with a second reference value pro- 
vider 26; the first constant provider 1 8a1 with a second 
30 constant provider 1 8a2; the first level converter Z_C1 with 
a second level converter LC2; and the PWM 22 and the 
low-pass filter 23 with an error set unit 50, a level deci- 
sion unit 51 , a switch 52, and a divider 53. Also, in the 
second AGC signal generator SG2a, the second level 
35 signal SL2a is supplied in place of the first level signal 
SL1a. Therefore, mainly described herein are features 
unique to the second AGC signal generator SG2a, and 
other matters are not described unless otherwise re- 
quired. 

40 [0093] The second reference value provider 26 out- 
puts a second reference value R2 to the subtractor 24. 
The second reference value R2 can adjust the demod- 
ulated second digital signal SDMDa to a desired level. 
That is, the second reference value R2 is so determined 
45 as to arbitrarily set the level of the modulated analog 
signal SMAa that is appropriate in the digital broadcast 
receiving apparatus RPa. 

[0094] The second constant provider 18a2 outputs 
the second constant G2ato the subtractor 24. Note that, 
50 in the first automatic gain controller AGCZa, the second 
constant G2a is set relatively large to follow the frequen- 
cy fluctuations of the received demodulated second dig- 
ital signal SDMDa. In the present embodiment, the first 
constant G1a is preferably set to 1, while the second 
55 constant G2ato 16. The first and second constants G1a 
and G2a have a relation represented by the following 
equation (2). 
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G1a<G2a (2) 

[0095] As with the first level converter Z_C1 , the sec- 
ond level converter LC2 includes the multiplier 3, the in- 
verse coefficient provider 34, and the adder 47, and fur- 
ther includes a gain set range coefficient provider 48 in 
place of the compensation coefficient provider 46. The 
gain set range coefficient provider 48 supplies to the 
adder 47 a gain set range coefficient GfiSfor setting the 
gain in the multiplier 8 in a desired range. This gain set 
range coefficient GRS will be described later. 
[0096] The subtractor 24 finds an error between the 
second level signal SL2a outputted from the second lev- 
el detector LD2a and the second reference value R2 
provided by the second reference value provider 26 to 
generate a second error signal SE2a. 
[0097] The multiplier 17 multiplies the second error 
signal SE2a received from the subtractor 24 by G2a pro- 
vided by the second constant provider 28 to generate 
G2a • SE2a for output to the integrator 21 . Consequent- 
ly, the gain of a loop formed by the multiplier 8, the sec- 
ond level detector LD2a, and the second AGC signal 
generator SG2a is adjusted. 

[0098] The integrator21 integrates G2a ■ SE2a by de- 
laying, in the delay unit 20, G2a • SE2a received from 
the multiplier 17 through the adder 19 by one control 
cycle, and then adding, in the adder 1 9, the result to the 
current output from the multiplier 1 7. 
[0099] The multiplier 33 multiplies the integrated sig- 
nal 22a received from the integrator 21 by "-1 " provided 
by the inverse coefficient provider 34 to invert the polar- 
ity of the signal, thereby generating -22a. 
[01 00] The adder 47 adds -22a received from the mul- 
tiplier 33 to GRS (256 in the present embodiment) pro- 
vided by the gain set range coefficient provider 48 to 
output -22a+Gf?S(256) to the level decision unit 51 and 
the switch 52. 

[0101] The level decision unit 51 decides the level of- 
22a+GHS(256) outputted from the adder 45 to generate 
a level decision signal indicating the decision result. 
Note that, in the present embodiment, the level decision 
unit 51 compares the value of -22a+Gf?S(256) with a 
threshold 0, and generates a binary level decision signal 
Ssw identifying eitherthatthe value is equal to orsmaller 
than 0 or that the value is larger than 0. 
[0102] The switch 52 is connected to an output port 
of the adder 47, an output port of the error set unit 50, 
an input port of the divider 53, and an output port of the 
level decision unit 51 . Based on the level decision signal 
Ssw outputted from the level decision unit 51 , the switch 
52 selects either one of the output ports of the adder 47 
or the error set unit 50 for connection to the input port 
of the divider 53. 

[0103] As a result, either one of a value "1" supplied 
by the error set unit 50 or -22a+Gf?S(256) supplied by 
the adder 47 is inputted to the subtractor 53. In more 
detail, the switch 52 supplies -22a+ GRS outputted from 



the adder 47 to the divider 53 if -Z2a+GRS is positive, 
while supplying "1" outputted from the error set unit 50 
thereto if negative. 

[0104] The divider 53 divides -22a+Gf?S(256) output- 
5 ted from the switch 52 or "1 " outputted from the error set 
unit 50 by "256" provided by the gain set range coeffi- 
cient provider 48, and outputs the result as a second 
gain control signal S^G2a. 

[0105] The gain set range coefficient GRS is now 
10 briefly described. The gain set range coefficient GRS is 
so determined as to set the gain in the multiplier 8 in a 
desired range. When the inverse coefficient is -1 and 
the number of output bits of the integrator 21 is 11 , the 
integrated signal 22a takes a value in a range of -1 024 
15 to +1023. When the gain set range coefficient GRS is 
exemplarily set to 8 bits (256), the value of -22a+GHS 
outputted from the multiplier 33 falls within a range of 
-768 to +1279. If the level decision unit 51 decides 
-22a+Gf?S as positive, -Z2a+GRS is outputted as it is 
20 to the divider 53. 

[0106] On the other hand, if decided as negative, "1" 
supplied by the error set unit 50 is outputted to the di- 
vider 53 instead of -22a+Gf?S. That is. the output from 
the switch 52 takes a value in a range of 1 to 1279. As 
25 a result, the divider 53 divides the value in the range of 
1 to 1279 by the gain set range coefficient GRS (256) 
to generate the second gain control signal SAG2a hav- 
ing a value in a range of 1/256 to 1279/256. That is, the 
controlled gain in the multiplier 8 can be set in a range 
30 of 1/256 (approximately 0) to 1279/256 (approximately 
5). As such, the gain set range can be adjusted by arbi- 
trarily setting the gain set range coefficient GRSwith re- 
spect to the number of output bits of the integrator 21 . 
[0107] The number of output bits, the gain set range 
35 coefficient GRS, and other parameters may take arbi- 
trary values other than those exemplarily described 
above. If the present apparatus is actually brought to the 
market, it is preferable to set the number of output bits 
of the integrator 21 to 15 (-16384 to +16383) and the 
40 gain set range coefficient GRS to 9 bits (1024). In this 
case, the gain set range is from 1/1024 (approximately 
0) to 1 6383/1 024 (approximately 1 6). With such setting, 
the first automatic gain controller ,4GC2a can normally 
operate even if a large interference wave of an adjacent 
45 channel approximately 16 times larger than the digital 
broadcast wave is supplied to the first automatic gain 
controller AGC2a. 

[0108] Briefly described below is signal processing 
carried out by the second AGC signal generator SG2a 
50 in an arbitrary control cycle t. The subtractor 24 sub- 
tracts the second reference value R2 provided by the 
second reference value provider 26 from the second lev- 
el signal SL2a supplied by the second level detector 
LD2a to generate the second error signal SE2a(f). 
55 [0109] The multiplier 17 multiplies the second error 
signal SE2a(t) outputted from the subtractor 24 by the 
second constant G2a outputted from the second con- 
stant provider 1 8a2 to generate G2a • SE2a(t). 
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[0110] In the integrator 21 , the adder 19 adds G2a • 
SE2a(f) supplied by the multiplier 17 to the integrated 
signal Z2a(f+1 ) outputted from the delay unit 20 to gen- 
erate G2a • S£2a(Q+ Z2a(f+1). As described above, to 
follow the frequency fluctuations of the demodulated 
second digital signal SDMDa, the second constant G2a 
is set to be relatively large value (1 6). 
[0111] The delay unit 20 delays G2a • SE2a(f)+Z2a 
(f+1) by one control cycle fto generate the integrated 
signal Z2a(f+1). In the second level converter LCZ, the 
multiplier 33 multiplies the integrated signal Z2a(f+1 ) re- 
ceived from the delay unit 20 by the inverse coefficient 
"-1 " received from the inverse coefficient provider 34 to 
generate -Z2a(f+1). 

[0112] The adder 47 adds the gain set range coeffi- 
cient GRS (256, in the present embodiment) to -Z2a 
(f+1) to generate - Z2a(f+1) +GRS. 
[0113] The level decision unit 51 generates the level 
decision signal Ssw indicating whether -Z2a(M) +GRS 
supplied by the adder 47 of the second level converter 
LC2 is not more than 0, and output the signal to the 
switch 52. 

[0114] In response to the level decision signal Ssw 
from the level decision unit 51 , the switch 52 selectively 
outputs, to the divider 53, -Z2a(f+1) +GRS supplied by 
the adder 47 or "1 " supplied by the error set unit 50. 
[0115] That is, the second AGC signal generator 
SG2a finds an error (the second error signal SE2a) be- 
tween the signal level found by the second level detector 
Z_D2a (second level signal S/_2a) and the second refer- 
ence value R2 for controlling the level of the second gain 
control signal SAG2a to a desired level. Then, the sec- 
ond error signal SE2a is multiplied, in the multiplier 17, 
by the second constant G2a for determining the loop 
gain in the second automatic gain controller AGC2a. 
The multiplication result then goes through the adder 1 9 
and the delay unit 20 that form the integrator 21 ; the 
multiplier 33 forming an inverting circuit with the con- 
stant "-1 " provided thereto; the adder 47; the switch 52; 
and the divider 53 ; and then fed back to the multiplier 8. 
[0116] In the case where the output of the integrator 
21 is 11 , the integrated signal Z2a outputted therefrom 
takes a value in a range of -1 024 to 4-1 023. In the case 
where the gain set range coefficient GRS is set to 256, 
-Z2a+256 from the adder 47 becomes equal to or small- 
er than 255. That is, if the second level signal SZ_2a out- 
putted from the second level detector Z_D2a is larger 
than the second reference value R2, the output value 
from the adder 47 becomes equal toorsmallerthan 255. 
The switch 52 outputs "1" if -Z2a+256 outputted from 
the adder 47 is equal to or smaller than 0, while output- 
ting -Z2a+256 if positive. Therefore, after division by 256 
in the divider 53, the output therefrom, that is, the sec- 
ond gain control signal SAG2a, takes a value in a range 
of 1/256 to 255/256, and is supplied to the multiplier 8. 
Consequently, the demodulated second digital signal 
SDMDa outputted from the multiplier 8 is smaller in val- 
ue than the demodulated digital signal SDDa received 



thereby. 

[0117] If the value of the second level signal SL2a out- 
putted from the second level detector L02a is equal to 
the second reference value R2, the error signal SE2a 
5 outputted from the subtractor24 is 0. Therefore, the mul- 
tiplier 1 7 supplies G2a • SE2a having 0 value to the in- 
tegrator 21 . The integrator 21 adds up SE2a calculated 
for each time, and outputs 0. The output of the integrator 
21 is represented by a value in a range of -1024 to 
4-1 023. The output of the multiplier 33 is 0, and the out- 
put of the adder 47 is 04-256 = 256. 
[0118] In other words, if the second level signal SL2a 
outputted from the second level detector LD2a is equal 
in value to the second reference value R2, the output 
from the adder 47 takes a value of 256. The switch 52 
outputs "1 11 if the output of the adder 47 is not more than 
0, while outputting the output value of the adder 47 if 
positive. Therefore, when the adder 47 outputs 256, the 
divider 53 divides the output of the switch circuit 52, that 
is, 256, by 256 to produce "1" for output to the multiplier 
8. Thus, the demodulated second digital signal SDMDa 
outputted from the multiplier 8 becomes equal in value 
to the demodulated digital signal SDDa received there- 
by. 

[0119] On the other hand, if the second level signal 
S/_2a issmaller in value thanthesecond reference value 
R2, the second error signal SE2a from the subtracter 24 
has a negative value. The multiplier 17 multiplies the 
negative value by the second constant G2a to produce 
G2a • SE2a having a negative value for output to the 
integrator 21 . The integrator 21 adds up the error signals 
calculated for each time, and outputs the integrated sig- 
nal Z2a. The output of the integrator 21 is represented 
by a value in a range of -1024 to 4-1023. The output of 
the multiplier 33 ; that is, -Z2a ; takes a value in a range 
of -1 023 to 4-1024. Therefore, -Z2a+GRS (256) output- 
ted from the adder 47 takes a value equal to or smaller 
than 255. 

[0120] In other words, if the second level signal S/_2a 
outputted from the second level detector LD2a is larger 
in value to the second reference value R2, the output 
from the adder 47 takes a value larger than 256. The 
switch 52 outputs "1" if -Z2a+GF?S (equal to or smaller 
than 255) outputted from the adder 47 is not more than 
0, while outputting -ZZa+GRS (equal to or smaller than 
255) if positive. Therefore, when the divider 53 divides 
the output of the switch circuit 52 by 256, the result takes 
a value of 1/256 to (1 023+256)/256, and is supplied as 
the second gain control signal S4G2a to the multiplier 
8. Thus, the multiplier 8 outputs the demodulated sec- 
ond digital signal SDMDa larger in value than the de- 
modulated digital signal SDDa 

[0121] With reference to FIG. 6, a relation between 
the digital broadcast wave Srf supplied to the tuner 2 
and the modulated analog signal SMAa outputted there- 
from is now described. In FIG. 6, envelope waveforms 
of the digital broadcast wave Srf and the modulated an- 
alog signal SMAa are schematically illustrated. 
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[0122] As described above, in the first AGC signal 
generator SG1a, the first constant provider 18a1 pro- 
vides the first constant G1 a having a relatively small val- 
ue ("1 ", for example) to the multiplier 1 7. As a result the 
digital broadcast wave Srf is controlled only in level to a 
predetermined value without any change in oscillation 
amplitude and oscillation frequency, and the modulated 
analog signal SMAaoutputted from the tuner 2 is so con- 
trolled as never to follow the level fluctuations of the lev- 
el-fluctuating signal at the tuner 2. 
[0123] For following the level fluctuations of the digital 
broadcast wave Srf, by way of example only, 4096 (/V1 a 
= 12) data values are used for level detection by the bit 
shifter 1 5 of the first level detector LDA a; 1 28 (/V2a = 7) 
data values are used for level detection by the bit shifter 
15 of the second level detector LD2a; the first constant 
G1 a of the first AGC signal generator SG1 a is set to 1 ; 
and the second constant G2a of the second AGC signal 
generator SG2a is set to 1 6. 

[0124] In a system which controls the gain of the tuner 
by a control voltage from the first automatic gain con- 
troller AGCIa (first gain control signal SAGIa), a long 
delay time occurs while the detection result of the first 
level detector LD1a goes through the first automatic 
gain controller >4GC1 a to the tuner 2. On the other hand, 
a delay time occurring while the detection result of the 
second level detector LD2a goes through the second 
automatic gain controller AGC2a to the multiplier 8 is 
extremely short. Thus, it has been confirmed through 
experiments that the second automatic gain controller 
>4GC2a can follow frequency fluctuations larger than 
those followable by the first automatic gain controller 
>4GC1a. Therefore, the first automatic gain controller 
AGC\a is so structured as never to follow frequency- 
fluctuating signals, and only the second automatic gain 
controller AGC2a follows such signals. 
[01 25] I n the above conventional digital broadcast re- 
ceiving apparatus Rc, only the automatic gain controller 
AGC is used to follow the digital broadcast wave Srfluc- 
tuating in frequency over 100Hz. For this reason, a rel- 
atively small number of data values , 128 (n=7) values, 
for example, are used for level detection by the bit shifter 
1 5 of the level detector LD. Here, if the constant G of the 
AGC signal generator is set larger (256, for example), 
the gain of the loop between the tuner 2 and the auto- 
matic gain controller AGC becomes so large as to cause 
themodulated digitalsignal SMD outputted from the tun- 
er 2 to oscillate. In other words , the frequency fluctua- 
tions of the modulated digital signal SMD become too 
large to enable demodulation in the demodulator 7. The 
present embodiment, however can solve such problem 
unique to the conventional digital broadcast receiving 
apparatus Rc. 

[0126] Furthermore, in the present embodiment, two 
automatic gain controllers are provided: the first auto- 
matic gain controller AGC1a for controlling the tuner 2 
and the second automatic gain controller >4GC2a for 
control all in digital. In the first automatic gain controller, 



parameters not being able to follow frequency fluctua- 
tions at all are selected, while parameters capable of 
following them are selected only in the second automat- 
ic gain controller. With such structure, it has been ex- 
5 perimentally confirmed thatfrequency fluctuations of up 
to 580Hz can be followed. 

[0127] In the above structured digital broadcast re- 
ceiving apparatus RPa, the following components have 
features unique to the present embodiment and also 
those common to the other embodiments of the present 
invention: the modulated analog signal SMA, the mod- 
ulated digital signal SMD, the demodulated first digital 
signal SDD, the demodulated second digital signal SD- 
MD, the first automatic gain controller AGCAa, the first 
AGC signal generator SG1a, the first level detector 
LD1a, the first level signal SL1a, the first gain control 
signal S>4G1a, the second automatic gain controller 
AGC2a, the second level detector /_D2a : the second 
AGC signal generator SG2a, the averaged signal Y1a, 
the first shift bit parameter /Via, the first error signal 
SE1 a, the first constant G1 a, the integrated signal Z1 a, 
the square-wave signal Sri a, the averaged signal Y2a, 
the second shift bit parameter N2a, the second error sig- 
nal SE2a, the second constant G2a, and the integrated 
signal Z3a. Therefore, each component is represented 
by a reference character with a suffix provided thereto 
for indicating a feature unique to each embodiment. In 
the above description, a suffix "a" indicates that the com- 
ponent is unique to the first embodiment. Similarly, in 
second, third, and fourth embodiment described below, 
suffixes "b", "c". and "d" , respectively, indicate that the 
component is unique to respective embodiment. Com- 
ponents common to those embodiments are represent- 
ed only by reference characters without any suffix. 

(Second embodiment) 

[0128] With reference to FIGS. 7 through 12, de- 
scribed below is the digital broadcast receiving appara- 
tus according to the second embodiment of the present 
invention exemplarily applied to receive a digital broad- 
cast wave. Prior to that, the basic concept of the present 
embodiment is first described. In the above digital 
broadcast receiving apparatus RPa according to the first 
embodiment, when the digital broadcast wave RF in- 
cluding noise components over a predetermined value 
(for example, C/N is under 1 7.5dB) is received, the mod- 
ulated digital signal SMDa used for demodulation in the 
demodulator 7 always fluctuates in level. This reduces 
the demodulation capability of the demodulator 7. 
[0129] More specifically, the demodulator 7 performs 
automatic frequency control at demodulation. The auto- 
matic frequency control is a process for generating an 
error signal through frequency error detection based on 
an input signal, and correcting the frequency error 
based on the generated error signal. However, if the in- 
put signal fluctuates in level, the detected frequency er- 
ror fluctuates accordingly. If the digital broadcast wave 
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Srf is in good condition, this frequency error fluctuation 
does not pose a significant problem. If the digital broad- 
cast wave Srf is in bad condition with noise and other 
factors added thereto, however, the frequency error fluc- 
tuation significantly reduces the demodulation capability 
of the demodulator 7. 

[0130] In other words, in the digital broadcast receiv- 
ing apparatus RPa, if the input signal fluctuates in fre- 
quency within 1 00Hz, the demodulator 7 can receive a 
signal without frequency fluctuation. The demodulator 7 
detects the error between the received signal and the 
reference value for demodulation. If the received signal 
cyclically fluctuates, the detected error signal fluctuates 
accordingly. The frequency-fluctuating signal with small 
amount of noise does not cause an error in the demod- 
ulator 7. However, the frequency-fluctuating signal with 
large amount of noise causes an error in the demodu- 
lator 7. Specifically, the digital broadcast wave RF fluc- 
tuating in frequency within 100Hz with noise at the C/N 
ratio under 17.5db causes an error at automatic fre- 
quency control in the digital broadcast receiving appa- 
ratus RPa. 

[0131] In this respect, in a digital broadcast receiving 
apparatus RPb according to the second embodiment of 
the present embodiment, a first automatic gain control- 
ler AGC1 b corresponding to the first automatic gain con- 
troller 4GC1 a of the digital broadcast receiving appara- 
tus RPa eliminates frequency fluctuations as much as 
possible from the digital broadcast wave Srf. Then, a 
second automatic gain controller AGC2b corresponding 
to the second automatic gain controller AGCZa further 
eliminates the remaining frequency fluctuations. Byway 
of example only, the first automatic gain controller 
>4GC1b eliminates low-frequency fluctuations under 
100Hz, and then the second automatic gain controller 
AGC2b eliminates high-frequency fluctuations between 
100Hz to 300Hz. 

[0132] In the digital broadcast receiving apparatus 
RFb according to the present embodiment, when the 
frequency of the digital broadcast wave Srf is 600MHz, 
frequency fluctuations of approximately 300Hz can be 
eliminated. These frequency fluctuations are equivalent 
to those caused by an object moving at 480Km per hour 
toward the digital broadcast wave Srf. Consequently, in 
the present embodiment, an error at automatic frequen- 
cy control can be prevented for a signal at the C/N ratio 
under 17dB. Therefore, although followable frequency 
fluctuations in the second embodiment are smaller than 
those in the first embodiment, the C/N ratio can be im- 
proved by approximately 0.5dB. 
[0133] As shown in FIG. 7, the digital broadcast re- 
ceiving apparatus RPb according to the present embod- 
iment is similar in structure to the digital broadcast re- 
ceiving apparatus RPa shown in FIG. 1 , except that the 
first automatic gain controller ,4GC1b is provided in 
place of the first automatic gain controller >4GC1 a, and 
the second automatic gain controller AGC2b is provided 
in place of the second automatic gain controller AGC2a. 



Thefirst automatic gain controller /4GC1 b includes afirst 
level detector Z_D1b and a first AGC signal generator 
SG1b, while the second automatic gain controller in- 
cludes a second level detector LD2b and a second AGC 

5 signal generator SG2b. 

[0134] Mainly described below are features unique to 
the present embodiment. In the drawings, each compo- 
nent, signal and parameter unique to the present em- 
bodiment is represented and identified by a reference 

10 character with the suffix "b" added thereto. The same 
components and operations as those of the above first 
embodiment are not described herein. 
[0135] In FIG. 8, the structure of thefirst level detector 
LDIb is shown. The first level detector /_D1b is similar 

15 in structure to thefirst level detector LD1 a shown in FIG. 
2 except that a first averaging coefficient provider 1 50b1 
is provided in place of the first averaging coefficient pro- 
vider 150a1 . As with the first averaging coefficient pro- 
vider 150a1 ; the first averaging coefficient provider 

20 I50b1 outputs a first shift bit parameter A/1b to the bit 
shifter 15. 

[01 36] In the present embodiment, the first shift bit pa- 
rameter A/1 b is set slightly smaller than the first shift bit 
parameter A/1 a of the first level detector LD1 a according 

25 to the above first embodiment. This is to enable the first 
automatic gain controller >4GC1b to follow frequency 
fluctuations of the received digital broadcast wave Srf 
to some extent (under 100Hz, for example). In the 
present embodiment, the first shift bit parameter A/1 b is 

30 preferably set to 8. 

[0137] Therefore, thefirst shift bit parameter A/1b and 
the first shift bit parameter A/1 a have a relation repre- 
sented by the following equation (3). 

35 

A/1 a ^ A/1 b (3) 

[0138] As can be seen from the above equation (3), 
the first shift bit parameter A/1 b can take the same value 

40 as that of the first shift bit parameter A/1 a. Such relation 
is established based on the balance between first and 
second constants G1 b and G2b described later and the 
frequency of the digital broadcast wave Srf. If the first 
shift bit parameter A/1b is 8, the average value can be 

45 found in the first level detector LD1 b using 2 8 (256) data 
values. Consequently, the first automatic gain controller 
AGCla can carry out gain control following frequency 
fluctuations of the digital broadcast wave Srf more, com- 
pared with the first automatic gain controller >4GC1a 

50 whose first shift bit parameter A/1 a is 11. 

[0139] In FIG. 9, the structure of the first AGC signal 
generator SG1b is shown. The first AGC signal gener- 
ator SG1 b is similar in structure to the AGC signal gen- 
erator SG1 a shown in FIG. 3 except that a first constant 

55 provider 18b1 is provided in place of the first constant 
provider 1 8a1 . As with the first constant provider 1 8a1 , 
the first constant provider 1 8b1 outputs a first constant 
G1 b to the multiplier 1 7. In the present embodiment, the 
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first constant G1 b is set larger than the first constant 
G1 a of the first AGC signal generator SGI a according 
to the above first embodiment. This is to enable the first 
automatic gain controller AGC1b to follow frequency 
fluctuations of the received digital broadcast wave Srf 
to some extent (under 100Hz, for example). In the 
present embodiment, the first constant G1 b is preferably 
set to 8. 

[0140] Therefore, the first constant G1 b and the first 
constant G1 a have a relation represented by the follow- 
ing equation (4). 

G1a<G1b (4) 

[0141] As stated above, the first shift bit parameter 
/V1 b and the first constant G1b are set to values more 
followable to frequency fluctuations of the digital broad- 
cast wave Srf, compared with the first shift bit parameter 
A/1 a and the first constant G1 a respectively correspond- 
ing thereto. Consequently generated is a first gain con- 
trol signal SAG~\ b more followable to frequency fluctua- 
tions of the digital broadcast wave Srf compared with 
the first gain control signal S4G1 a, and supplied to the 
tuner 2. 

[0142] Then, with the gain controlled by this gain con- 
trol signal SAG"\b, the tuner 2 generates a modulated 
analog signal SMAb more followable to frequency fluc- 
tuations of the digital broadcast wave Srf for output to 
the demodulator 7. As described above, this modulated 
analog signal SMAb is a signal whose frequency fluctu- 
ations under 100Hz are eliminated. 
[0143] The A/D converter 3 converts the modulated 
analog signal SMAb supplied by the tuner 2 to a modu- 
lated digital signal SMDb, and outputs it to the first au- 
tomatic gain controller >4GC1b and the demodulator 7. 
The first automatic gain controller AGCIb generates, 
based on the modulated digital signal SMDb, the first 
gain control signal S>4G1b in the above described man- 
ner. The demodulator 7 demodulates the modulated dig- 
ital signal SMDb to generate a demodulated first digital 
signal SDDb, and outputs it to the second automatic 
gain controller AGClb. 

[0144] In FIG. 10, the structure of the second level de- 
tector LD2b is shown. The second level detector LD2b 
is similar in structure to the second level detector LD2a 
shown in FIG. 4. except that a second averaging coef- 
ficient provider 150b2 is provided in place of the second 
averaging coefficient provider 150a2. As with the sec- 
ond averaging coefficient provider 150a2, the second 
averaging coefficient provider 150b2 outputs a second 
shift bit parameter N2b to the bit shifter 15. 
[0145] In the present embodiment, the second auto- 
matic gain controller AGC2b has to follow frequency 
fluctuations under 300 Hz of the digital demodulated sig- 
nal SDMDb whose frequency fluctuations under 1 00Hz 
have been eliminated. Therefore, the second shift bit pa- 
rameter N2b is set smaller than the first shift bit param- 



eter A/1 a in the first AGC signal generator SG1 a accord- 
ing to the above first embodiment. Note that, in the 
present embodiment, the second shift bit parameter 
N2b is preferably set to 8. The second shift pit parameter 
5 N2b is preferably set to the same value as to the first 
shift bit parameter A/1 b. In the present example, the first 
shift bit parameter Nib is set to 8 as the first shift bit 
parameter A/1 a. 

[0146] Therefore, the second shift bit parameter N2b, 
the first shift bit parameter A/1 b, and the first shift bit pa- 
rameter A/1 a in the digital broadcast receiving apparatus 
RPa according to the above first embodiment have a 
relation represented by the following equations (5) and 
(6). 

A/1 a ^ A/1 b (5) 



A/1 a ^ N2b (6) 

[0147] Consequently, if the first shift bit parameter 
N2b is 8. the average value can be found by the second 
level detector Z_D2b using 2 8 (256) data values in a sim- 
ilar mannerto that in thefirst level detector LD1 b. There- 
fore, generated is a second level signal S/_2b followable 
to frequency fluctuations of the digital demodulated sig- 
nal SDMDb to a degree achieved by the first automatic 
gain controller 4GC1b whose first shift bit parameter 
A/1 a is 8. 

[0148] In FIG. 11 , thestructu re of thesecond AGC sig- 
nal generator SG2b is shown. The second AGC signal 
generator SG2b is similar in structure to the second 
AGC signal generator SG2a shown in FIG. 5, except 
that a second constant provider 18b2 is provided in 
place of the second constant provider 1 8a2. As with the 
first constant provider 18b1, the second constant pro- 
vider 1 8b2 outputs a second constant G2b to the multi- 
plier 17. 

[0149] In the present embodiment, the second auto- 
matic gain controller >4GC2b should follow frequency 
fluctuations under 300Hz of the digital signal SDMDb 
whose frequency fluctuations under 100Hz have been 
eliminated. Therefore, the second constant G2b is set 
larger than the first constant G1 a and smaller than the 
second constant G2a both in the first AGC signal gen- 
erator SG1a according to the above first embodiment. 
Alternatively, the second constant G2b may be set larg- 
er than the first constant G1 a and thefirst constant G1b 
in the first automatic gain controller ,4GC1b according 
to the second embodiment. Preferably, the second con- 
stant G2b is set to 16, as with the second constant G2a. 
[0150] The second constant G2b, the first constant 
G1b, and the first and second constants G1a and G2a 
in the digital broadcast receiving apparatus RPa accord- 
ing to the above first embodiment have a relation repre- 
sented by the following equations (7) and (8). 
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G1a<G1b<G2a (7) 



G1a<G1b<G2b (8) 

[0151] As stated above, the second shift bit parameter 
N2b and the second constant G2b are set to values 
more followable to frequency fluctuations of the digital 
SDMDb, compared with the first shift bit parameter A/1 b 
and the first constant G1 b in the first automatic gain con- 
troller AGCIb. As a result, generated is a second gain 
control signal SAG2b having a value more followable to 
high-frequency fluctuations than that of the first gain 
control signal S/4G1b. and is outputted to the multiplier 
8. Therefore, frequency fluctuations of 1 00Hz to 300Hz 
that have not yet been eliminated by the first automatic 
gain controller AGCIb can be eliminated. 
[0152] In the present embodiment, when the frequen- 
cy-fluctuating digital broadcast wave Srf is supplied to 
the tuner 2, a relatively small number of data values, 
128 (/V1b = 7) values, for example, are used for level 
detection by the bit shifter 15 of the first level detector 
LD1 b. On the other hand, the first constant G1 b of the 
first AGC signal generator SG1b is set relatively large 
(8, for example). Consequently, as can be seen from the 
digital broadcast wave Srf and the modulated analog 
signal SMAb shown in FIG. 12, the first automatic gain 
controller /\GC1b controls only the level of the wholesig- 
nalto a predetermined value, and follows the frequency- 
fluctuating signal as much as possible. 
[0153] Then, a relatively small number of data values, 
128 (N2b = 7) values, for example, are used for level 
detection by the bit shifter 15 of the second level detec- 
tor /_D2b. On the other hand, the second constant G2b 
of the second AGC signal generator SG2b is set rela- 
tively large (8, for example), thereby enabling the sec- 
ond automatic gain controller >4GC2b to follow the re- 
maining frequency and amplitude fluctuations that have 
not yet been eliminated by the first automatic gain con- 
troller AGCIb. 

[0154] In other words, in the present embodiment, fre- 
quency and amplitudefluctuations of thefrequency-fluc- 
tuating signal are followed as much as possible for re- 
duction by the first automatic gain controller AGCIb, 
and then the remaining fluctuations are followed by the 
second automatic gain controller AGClb. In the conven- 
tional structure, only the frequency fluctuations under 
100Hz can be followed. In the present embodiment, 
however, two automatic gain controllers are provided: 
thefirst automatic gain controllerforcontrollingthetuner 
2 and the second automatic gain controller for digital 
control. For each automatic gain controller, parameters 
are selected to follow frequency fluctuations. Therefore, 
frequency fluctuations of up to 300Hz can be followed if 
the digital broadcast wave Srf at the C/N ratio under 
17dB. 



(Third embodiment) 

[0155] Described below is the digital broadcast re- 
ceiving apparatus according to the third embodiment of 

5 the present invention exemplarily applied to receive a 
digital broadcast wave. Prior to that, with reference to 
FIG. 1 6, the basic concept of the present embodiment 
is first described. In FIG. 1 6, a control-voltage to ampli- 
tude-attenuation characteristic of the tuner 2 is illustrat- 

10 ed. In FIG. 16, the lateral axis represents a control volt- 
age of the tuner 2, and the vertical axis represents the 
amplitude attenuation of the tuner 2 with respect to the 
control voltage. A solid line LVA represents the control- 
voltage to amplitude-attenuation characteristic. As can 

15 be seen from the drawing, the characteristic is abruptly 
and significantly changed at a predetermined control 
voltage (in the present example, in the vicinity of approx- 
imately 2.4V). 

[0156] Such control voltage at which the control-volt- 

20 age to amplitude-attenuation characteristic LVA is sig- 
nificantly changed is hereinafter referred to as a thresh- 
old voltage Vth, and represented by a two-dotted line L. 
That is, the tilt of the control-voltage to amplitude-atten- 
uation characteristic LVA is significantly changed in the 

25 vicinity of the threshold voltage Vth. For better readabil- 
ity, the tilt of the control-voltage to amplitude-attenuation 
characteristic LVA in control voltages higher than the 
threshold voltage Vth is approximated by a one-dotted 
line LS, while the tilt thereof in control voltages lower 

30 than the threshold voltage Vth is by a one-dotted line LL. 
[0157] As can be seen from the drawing, the tilt of the 
control-voltage to amplitude-attenuation characteristic 
LVA is significantly changed atthethreshold voltage Vth. 
Therefore, in the digital broadcast receiving apparatus 

35 RPo according to the above second embodiment, the 
gain of the loop formed between the tuner 2 and the first 
automatic gain controller ^GC1 b is varied depending on 
whether the first level signal SL1 b detected by the first 
level detector LD1b is at the voltage lower than the 

40 threshold voltage Vth or not. 

[0158] When the digital broadcast wave Srf fluctuates 
in frequency, large gain of the loop formed between the 
tuner 2 and the first automatic gain controller AGCAb 
enables frequency fluctuations up to 180Hz to be fol- 

45 lowed if the value detected by the first level detector 
LD1b (first level signal S/_1b) is at a voltage lower than 
thethreshold voltage Vth. On the other hand, if the value 
is at a voltage equal to or higher than thethreshold volt- 
age Vth, only frequency fluctuations up to 150Hz can be 

50 followed, which has been experimentally confirmed. 
[0159] In this respect, the first constant G1 b can pref- 
erably be switched to enable the digital broadcast re- 
ceiving apparatus to follow frequency fluctuations up to 
300Hz even if the digital broadcast wave Srf fluctuates 

55 in level. With such switching, the gain of the loop formed 
between the tuner 2 and the first automatic gain control- 
ler AGCAc can be made constant to some extent. For 
this purpose, two constants, that is, a small constant G1 



16 



31 



EP 1 164 788 A2 



32 



and a large constant G2, are provided. The small con- 
stant (31 is suitable when the level of the digital broad- 
cast wave Srf is at a voltage lower than the threshold 
voltage. The large constant G2 is suitable when the level 
thereof is at a voltage equal to or higher than the thresh- 
old voltage. In accordance with the level of the digital 
broadcast wave Srf, either one of these two constants 
G1 and G2 is selected for use as the first constant G1 b, 
thereby switching the loop gain between the first auto- 
matic gain controller AGC\ b and the tuner 2. As such, 
the digital receiving apparatus suggested herein can al- 
ways give high performances when receiving the fre- 
quency-fluctuating digital broadcast wave RF, irrespec- 
tively of the level of the digital broadcast wave Srf sup- 
plied to the tuner 2. 

[0160] With reference to FIG. 13, the digital broadcast 
receiving apparatus RPc according to the present em- 
bodiment is described. The digital broadcast receiving 
apparatus RPc is similar in structure to the digital broad- 
cast receiving apparatus RPb shown in FIG. 7, except 
that a first automatic gain controller >4GC1c is provided 
in place of the first automatic gain controller AGC\ b. To 
the first automatic gain controller AGCIc, a first AGC 
signal generator SG1c is provided in place of the first 
AGC signal generator SG1b according to the second 
embodiment. Moreover, a level decision unit 37c is ad- 
ditionally provided to connect the first AGC signal gen- 
erator SG1c and the first level detector LD1 b. 
[0161] Mainly described below are features unique to 
the present embodiment. In the drawings, each compo- 
nent, signal and parameter unique to the present em- 
bodiment is represented and identified by a reference 
character with the suffix "c" added thereto. The same 
components and operations as those of the above first 
and second embodiments are not described herein. 
[0162] The level decision unit 37c outputs, to the first 
AGC signal generator SG1c, a control signal SGc hav- 
ing a binary value indicative of either 0 or 1 . based on a 
first level signal SLIc outputted from the first level de- 
tector Z_D1b. 

[0163] With reference to FIG. 1 4, the operation of the 
level decision unit 37c is briefly described. In FIG. 14, 
the vertical axis represents the first level signal Si_1c 
outputted from the first level detector Z_D1b, while the 
lateral axis represents constant values corresponding 
to the control signal SGC and a first constant G1c. Spe- 
cifically, the level decision unit 37c compares the level 
of first level signal SL1 c with a threshold Lth. If the level 
is equal to or higher than the threshold Lth, the level 
decision unit 37c outputs the control signal SGc indica- 
tive of "1", and otherwise outputs the one indicative of 
"0". To the values of the control signal SGc, the small 
constant G1 and the large constant G2 are correspond- 
ingly related for determining the loop gain between the 
tuner 2 and the first automatic gain controller AGC1 c. In 
the present embodiment, the value "0" of the control sig- 
nal SGc corresponds to the small constant G1 , while the 
value "1 " thereof corresponds to the large constant G2. 



These correspondences are described more below in 
relation to the structure of the first AGC signal generator 
SG1c. 

[0164] In FIG. 15, the structure of the first AGC signal 

5 generator SG1c is illustrated in detail. The first AGC sig- 
nal generator SG1 c is similar in structure to thefirst AGC 
signal generator SG1b shown in FIG. 9, except that an 
adaptive constant switch 18c1 is provided in place of the 
first constant provider 18b1. The adaptive constant 

10 switch 18c1 includes a small constant provider 18S, a 
large constant provider 1 8L, and a switch 39. The small 
constant provider 18S and the large constant provider 
18L output the small constant G1 and the large constant 
G2, respectively, as described with reference to FIGS. 

15 14and16. 

[0165] The switch 39 is connected to an output port 
of the small constant provider 18S, an output port of the 
large constant provider 1 8L an output port of the level 
decision unit 37, and an input port of the multiplier 17. 

20 Based on the control signal SGc received from the level 
decision unit 37c, the switch 39 selects either one output 
port of the small constant provider 1 8S or the large con- 
stant provider 1 8L for connection to the input port of the 
multiplier 17. As a result, the multiplier 17 is provided 

25 with, as a first constant G1c, the small constant G1 by 
the small constant provider 18S or the large constant 
G2 by the large constant provider 1 8L. As such, instead 
of thefirst constant G1b in the first AGC signal generator 
SG1b of the digital broadcast receiving apparatus RPb 

30 according to the second embodiment, the first constant 
G1c having either one of two values according to the 
level of thefirst level signal SL1c is outputted. Thus, the 
gain of the loop formed between the tuner 2 and the first 
automatic gain controller AGC\c is adaptively adjusted 

35 according to the level of the first level signal SL1c. 

(Fourth embodiment) 

[0166] Described below is the digital broadcast re- 

40 ceiving apparatus according to the fourth embodiment 
of the present invention exemplarily applied to receive 
a digital broadcast wave. Prior to that, with reference to 
FIGS. 1 6 and 20, the basic concept of the present em- 
bodiment is first described. FIG. 20 is similarto FIG. 16, 

45 except that the threshold voltage Vth represented by the 
two-dotted line/, in FIG. 16 is replaced with afirstthresh- 
old voltage VtM represented by a two-dotted line LI and 
a second threshold voltage Vth2 represented by a two- 
dotted line L2 (VtM < Vth2). 

50 [0167] In the digital broadcast receiving apparatus 
RPc according to the above third embodiment, in con- 
sideration of the control-voltage to amplitude-attenua- 
tion characteristic shown in FIG. 16, the first constant 
G1 c is switched between the small constant G1 and the 

55 large constant G2 based on whether the value of the 
first level signal SZ.1 c is at a voltage larger than the sin- 
gle threshold voltage Vth. However, since the digital 
broadcast wave S/fis always somewhat fluctuating, the 
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level of the first level signal SLIc is also always fluctu- 
ating. 

[0168] Therefore, if the level of the first level signal 
S/_1 c fluctuates in some range centering at the threshold 
voltage Vth, the small constant G1 and the large con- 
stant G2 are frequently switched in accordance with the 
fluctuations. As stated above, there is a large difference 
in value between the small constant G1 and the large 
constant G2. Therefore, even slight fluctuations of the 
first level signal SL1 cause frequent, wild changes in the 
first constant G1 c, that is, jittering. With this, the first au- 
tomatic gain controller ,4GC1c becomes unstable in gain 
adjustment operation and, in turn, the quality of the de- 
modulated digital signal SDMDc becomes deteriorating. 
[0169] In this respect, level fluctuations of the first lev- 
el signal SL1 is detected using not the single threshold 
voltage Vth but the first and second threshold voltages 
Vthl and Vth2. Thus, jitter caused in the first constant 
G1c by slight fluctuations of the first level signal S/_1c 
can be prevented. In other words, a region between the 
first and second voltage thresholds and Vth2 do 
not uniquely correspond to a fluctuation of the first level 
signal, but serves as a buffer region, where the first con- 
stant G1c switches differently according to the pattern 
of fluctuations of the first level signal SL1c. 
[0170] As shown in FIG. 1 7, a digital broadcast receiv- 
ing apparatus RP6 according to the present embodi- 
ment is similar in structure to the digital broadcast re- 
ceiving apparatus RPc according to the third embodi- 
ment shown in FIG. 13, except that a level decision unit 
37d is provided in place of the level decision unit 37c. 
[0171] Mainly described below are features unique to 
the present embodiment. In the drawings, each compo- 
nent, signal and parameter unique to the present em- 
bodiment is represented and identified by a reference 
character with the suffix "d" added thereto. The same 
components and operations as those of the above first 
to third embodiments are not described herein. 
[0172] With reference to FIGS. 18 and 19, the level 
decision unit 37d is described. The level decision unit 
37d is similar in structure to the level decision unit 37c 
already described with reference to FIG. 14. However, 
in the level decision unit 37d, a first threshold Ltf?1 and 
a second threshold Lth2 are provided (Lthl < Lth2) in- 
stead of the threshold Lth. Between these first and sec- 
ond thresholds LtM and Lth2, a buffer region BA is pro- 
vided for assigning 0 or 1 as a control signal SGd ac- 
cording to the fluctuations of a first level signal SL1 d. 
[0173] With reference to FIGS. 18 and 19, described 
below is changes in the control signal SGd and the first 
constant G1 d with respect to the changes in the first lev- 
el signal SL1d. 

[0174] Described below are two examples. Now, a 
first example is described. Firstly, as shown in FIG. 18, 
when the first level signal SL1 d is at a level lower than 
the second threshold Lth2, the value of the control signal 
SGd is set to 1 , and the small constant G1 is outputted 
as the first constant G1 d. Then, when the first level sig- 



nal S/_1d becomes higher in level than the second 
threshold Lth2, also as shown in FIG, 18, the value of 
control signal SGd is switched to 0, and the large con- 
stant G2 is outputted as the first constant G1d. Then, 

5 when the first level signal SL1 d becomes lower in level 
than the second threshold Lth2 and higher than the first 
threshold LtM , as shown in FIG. 19, the value of the 
control signal SGd remains 0, and the large constant G2 
is outputted as the first constant G1d. Then, when the 

10 first level signal SL1d becomes lower in level than the 
first threshold Lffrl , also as shown in FIG. 1 9, the value 
of the control signal SGd is switched to 1 , and the small 
constant G1 is outputted as the first constant G1 d. Then , 
when the first level signal SL1d becomes lower in level 

15 than the second threshold Lth2 and higherthan the first 
threshold LthA , referring back to FIG. 18, the value of 
the control signal SGd remains 1 , andthe small constant 
G1 is outputted as the first constant G1d. Lastly, when 
the first level signal SL1d becomes higher in level than 

20 the second threshold Lth2., also as shown in FIG. 18, 
the value of the control signal SGd is switched to 0, and 
the large constant G2 is outputted as the first constant 
G1d. 

[0175] Next, a second example is described. Firstly. 

25 as shown in FIG. 1 9, when the first level signal SL1 d is 
at a level higherthan the second threshold Lth2, the val- 
ue of the control signal SGd is set to 0, and the large 
constant G2 is outputted as the first constant G1d. Then, 
when the first level signal SZ_1d becomes lower in level 

30 than the second threshold Lth2 and higherthan the first 
threshold LtM , also as shown in FIG, 19, the value of 
control signal SGd remains 0, and the large constant G2 
is outputted as the first constant G1d. Then, when the 
first level signal SL1d becomes lower in level than the 

35 first threshold LtM , as shown in FIG. 1 9, the value of 
the control signal SGd is switched to 1, and the small 
constant G1 is outputted as the first constant G1d. Then, 
when the first level signal SL1d becomes lower in level 
than the second threshold Lth2 and higherthan the first 

40 threshold LtM , as shown in FIG. 18, the value of the 
control signal SGd remains 1 , and the small constant 
G1 is outputted as the first constant G1d. Lastly, when 
the first level signal SL1d becomes higher in level than 
the second threshold Lth2, as shown in FIG. 18, theval- 

45 ue of the control signal SGd is switched to 0, and the 
large constant G2 is outputted as the first constant G1 d . 
[0176] An alternative explanation is made for the 
above first example with reference to changes in control 
voltage shown in FIG. 20. Firstly, when the control volt- 

50 age SAG"\ d is lower than the second threshold voltage 
Vth2, the value of the control signal SGd is set to 1 , and 
the small constant G1 is outputted as the first constant 
G1d. Then, when the control voltage SAGIti becomes 
higherthan the second voltage Vth2, the value of control 

55 signal SGd is switched to 0, and the large constant G2 
is outputted as the first constant G1d. Then, when the 
control voltage S4G1 d becomes lower than the second 
threshold voltage Vth2 and higherthan the first thresh- 
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old voltage Wfr1 , the value of the control signal SGd re- 
mains 0, and the large constant G2 is outputted as the 
first constant G1d. Then, when the control voltage 
S,4G1d becomes lower than the first threshold voltage 
Vttr\ , the value of the control signal SGd is switched to 
1 , and the small constant G1 is outputted as the first 
constant G1d. Then, when the control voltage SAGId 
becomes lower than the second threshold voltage Vth2 
and higher than the first threshold voltage Vth\ , the val- 
ue of the control signal SGd remains 1 , and the small 
constant G1 is outputted as the first constant G1 d. Last- 
ly, when the control voltage S^GId becomes higher 
than the second threshold voltage Vth2, the value of the 
control signal SGd is switched to 0, and the large con- 
stant G2 is outputted as the first constant G1 d. An alter- 
native explanation is made for the above first example 
with reference to changes in control voltage shown in 
FIG. 20. Firstly, when the control voltage SAG'\d is lower 
than the second threshold voltage Vth2, the value of the 
control signal SGd is set to 1 , and the small constant G1 
is outputted as the first constant G1d. Then, when the 
control voltage S>4G1 d becomes higherthan the second 
threshold voltage Vth2, the value of control signal SGd 
is switched to 0, and the large constant G2 is outputted 
as the first constant G1 d. Then, when the control voltage 
S/4G1d becomes lower than the second threshold volt- 
age Vth2 and higher than the first threshold voltage 
Vtfr\ , the value of the control signal SGd remains 0, and 
the large constant G2 is outputted as the first constant 
G1d. Then, when the control voltage S4G1d becomes 
lower than the first threshold voltage Vtfr\ , the value of 
the control signal SGd is switched to 1 , and the small 
constant G1 is outputted as the first constant G1 d. Then, 
when the control voltage SAG1 d becomes lower than 
the second threshold voltage Vth2 and higher than the 
first threshold voltage Vthl , the value of the control sig- 
nal SGd remains 1 , and the small constant G1 is out- 
putted as the first constant G1 d. Lastly, when the control 
voltage SAG16 becomes higherthan the second thresh- 
old voltage Vth2, the value of the control signal SGd is 
switched to 0, and the large constant G2 is outputted as 
the first constant G1d. 

[0177] An alternative explanation is made for the 
above second example with reference to changes in 
control voltage shown in FIG. 20. Firstly, when the con- 
trol voltage S>4G1d becomes higher than the second 
threshold voltage Vth2, the value of the control signal 
SGd is set to 0, and the large constant G2 is outputted 
as the first constant G1 d. Then, when the control voltage 
S>4G1d becomes lower than the second threshold volt- 
age Vth2 and higher than the first threshold voltage 
, the value of control signal SGd remains 0, and the 
large constant G2 is outputted as the first constant G1 d. 
Then, when the control voltage S/4G1d becomes lower 
than the first threshold voltage Vthl, the value of the 
control signal SGd is switched to 1 , and the small con- 
stant G1 is outputted as the first constant G1d. Then, 
when the control voltage SAG16 becomes lower than 



the second threshold voltage Vth2 and higherthan the 
first threshold voltage Vthl , the value of the control sig- 
nal SGd remains 1 , and the small constant G1 is out- 
putted as the first constant G1 d. Finally, when the con- 
5 trol voltage SAG~\6 becomes higher than the second 
threshold voltage Vth2, the value of the control signal 
SGd is switched to 0, and the large constant G2 is out- 
putted as the first constant G1 d. 

[0178] As such, a buffer region is provided between 
10 the first and second threshold voltages Vthl and Vth2. 
This provides hysteresis for preventing the first constant 
G1 d, which determines the loop gain between the tuner 
2 and the first automatic gain controller >4GC1d, from 
being frequently switched between the small constant 
15 G1 and the large constant G2. 

[0179] While the invention has been described in de- 
tail, the foregoing description is in all aspects illustrative 
and not restrictive. It is understood that numerous other 
modifications and variations can be devised without de- 
20 parting from the scope of the invention. 



Claims 

25 1. A digital broadcast receiving apparatus (HP) for am- 
plifying a digital modulated signal wave (RF) prop- 
agated through air with gain automatically adjusted 
to have a predetermined amplitude, and demodu- 
lating the modulated signal wave to a digital signal 

30 (SDMD), said apparatus comprising: 

tuner means (2) for frequency-converting said 
received digital modulated signal wave (Sri) in- 
to a first modulated signal (SMA); 

35 first automatic gain control amplification means 

(AGC1 ) for controlling gain of said tuner means 
(2) to make a level (SL1) of said first modulated 
signal (SMA) at a first predetermined level; 
A/D conversion means (3) for converting, ana- 

40 log to digital, said first modulated signal (SMA) 

into a second modulated signal (SMD); 
demodulation means (7) for demodulating said 
second modulated signal into a first demodu- 
lated digital signal (SDD); and 

45 second automatic gain control amplification 

means (AGC2a) for amplifying a level (SL) of 
said first demodulated digital signal (SDD) to 
be at a second predetermined level, and gen- 
erating a second demodulated digital signal 

50 (SMDa). 

2. The digital broadcast receiving apparatus (HPa) ac- 
cording to claim 1 , wherein 

said first automatic gain control amplification 
55 means (AGCIa) amplifies said digital modulated 
signal wave (Srf) without following frequency fluc- 
tuations thereof, and generates said first modulated 
signal (SMA), and said second automatic gain con- 
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trol amplification means (AGC2a) amplifies said first 
demodulated digital signal by following frequency 
fluctuations thereof, and generates said second de- 
modulated digital signal (SMDa). 

5 

3. The digital broadcast receiving apparatus (RPa) ac- 
cording to claim 1 , wherein 

said first automatic gain control amplification 
means (AGCAa) amplifies said digital modulated 
signal wave (Sri) by following frequency fluctua- 10 
tions thereof that are smaller than a first predeter- 
mined frequency (100Hz), and generates said first 
modulated signal (SMA), and said second automat- 
ic gain control amplification means (AGC2a) ampli- 
fies said first demodulated digital signal by following is 
frequency fluctuations thereof under a second pre- 
determined frequency (300Hz) that is larger than 
said first predetermined frequency (100Hz), and 
generates said second demodulated digital signal 
(SMDa). 20 

4. The digital broadcast receiving apparatus (RPc) ac- 
cording to claim 3, further comprising: 

level detection means (LD~\ b) for detecting the 25 
level (SL1c) of said first modulated signal 
(SMA); and 

gain change means (37c) for changing the gain 
of the tuner means (2) based on said detected 
level (SL1c). 30 

5. The digital broadcast receiving apparatus accord- 
ing to claim 4, further comprising: 

threshold means (Lth) for taking, as a thresh- 35 
old, a threshold voltage (Vth) at which a control- 
voltage to amplitude-attenuation characteristic 
of said tuner means (2) is abruptly changed, 
wherein 

said gain change means (37) takes, as said 40 
gain, a first predetermined value (G1) when the 
detected level (SL1d) is higher than said 
threshold, and a second predetermined value 
(G2) smaller than the first predetermined value 
(G1) when the detected level (Si_1d) is lower 45 
than said threshold. 



predetermined amount, than said threshold 
voltage (Vth). wherein 

said gain change means (37) takes, as said 
gain, a first predetermined value (G1 ) when the 
detected level (S/_1d) is lower than said first 
threshold (Lth~\); a second predetermined val- 
ue (G2) largerthan said first predetermined val- 
ue (G1 ) when the detected level (SL1 d) is high- 
er than said second threshold (Lth2); and one 
of the first and second predetermined values 
(G1 , G2) based on a value immediately before 
said detected level (SL1d) when said detected 
level (SL1d) is higher than said first threshold 
(LtM) and lower than said second threshold 
(LthZ). 

7. A digital broadcast receiving apparatus (HP) for am- 
plifying a digital modulated signal wave (RF) prop- 
agated through air with gain automatically adjusted 
to have a predetermined amplitude, and demodu- 
lating the modulated signal wave to a digital signal 
(SDMD), said apparatus comprising: 

tuner means (2) for frequency-converting said 
received digital modulated signal wave (Srf) in- 
to a first modulated signal (SMA); 
first automatic gain control amplification means 
(4GC1 ) for controlling gain of said tuner means 
(2) to make a level (SL1) of said first modulated 
signal (SMA) at a first predetermined level; 
A/D conversion means (3) for converting, ana- 
log to digital, said first modulated signal (SMA) 
into a second modulated signal (SMD); and 
second automatic gain control amplification 
means (AGC2a) for amplifying a level (SL2) of 
said second modulated signal (SMD) to be at a 
second predetermined level, and generating a 
third modulated signal (SDMD). 



6. The digital broadcast receiving apparatus [RPti) ac- 
cording to claim 4, further comprising: 

50 

first threshold means (Ltfrt) taking, as a first 
threshold, a voltage lower by a first predeter- 
mined amount, than a threshold voltage (Vth) 
at which a control-voltage to amplitude-attenu- 
ation characteristic of said tuner means (2) is 55 
abruptly changed; and 

second threshold means (Lth2) taking, as a 
second threshold, a voltage lower, by a second 
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